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‘Gift you 


a 


PEGANONE® 
(Ethotoin, Abbott) 


Newest of Abbott's anti- 
conoulsants ...a new hy- 
dantoin of exceptionally 
low toxicity for grand mal 
and psychomotor seizures. 


_eizure- 


TRIDIONE® 
(Trimethadione, Abbort) 
PARADIONE® 
(Paramethadione, Abbott) 


Two eminently successful 
anticonoulsants for symp- 
tomatic control of petit 
mal, myoclonic and 
akinetic seizures... 
Tridione will often work 
where Paradione won't 
and vice versa. 


Your knowledge and judicious 
use of today’s modern anticon- 


PHENURONE® 
(Phenacemide, Abbott) 


Used with discretion, will 
often prove successful 
where all other therapy 
Sails in treating psycho- 
motor, grand mal, petit 
mal and mixed seizures. 


vulsants can give the epileptic - 

“<the most gift of all: 

A normal life-Here are five dis- 
tinguished anticonvulsants 
from Abbott. With them you 
can take the epileptic from ; 
childhood through his adult 
years, comfortably, securely 
-with freedom 


from fear. 


> 


GEMONIL” 
(Metharbita!, A 


»bott) 


An effective drug with low 
toxicity for treating grand 
mal, petit mal, myoclonic 
and mixed seizures 
symptomatic of organic 
brain damage. 
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for the depressed and regressed 


selective increase in psychic energy 


MARSILID 


(iproniazid) Roche 


In both mild and severe depression, Marsilid can restore a sense of 
healthy well-being, with renewed vigor, activity and interests. Patients 
with acute depression refractory to shock treatment have shown a 
heartening response to Marsilid. Even “burned out” psychotics, un- 


touched by any other therapy, have become more alert, responsive 
and sociable. 


As a psychic energizer, Marsilid is truly unique. It provides continuous 
mood improvement with gradually reduced dosage. Patients do not 
develop resistance to its normalizing effect; there is no tachyphylaxis. 
Marsilid does not elevate blood pressure . . . does not decrease but 
usually stimulates appetite. 


In mild depression, improvement with Marsilid is usually evident 
within a week or two. In severe depressive states of hospitalized 
psychotics, a month or more may be required for apparent response 

. but Marsilid often leads to complete remission, obviating the need 
for shock therapy. 


Note:Marsilid is contraindicated in patients who are agitated, overactive 
or overstimulated, or in those with a history of renal or hepatic disease. 


For complete references and information concerning dosage, indications and contraindications, 
write V. D. Mattia, Jr., M. D., Director of Medical Information, Roche Laboratories, 
Division of Hoffmann-La Roche Inc, Nutley 10, N. 7. 


MARSILID® PHOSPHATE — brand of iproniazid phosphate 
Supplied in scored tablets of 50 mg (yellow), 25 mg (orange), and 10 mg (pink) 


Original Research in Medicine and Chemistry 
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‘Compazine’ has demonstrated the following advantages: 


Available: 


is often effective 


where other tranquilizers fail 


it acts rapidly 
it is effective in low doses 


it has extremely low toxicity and is remarkably safe 
even in long-term therapy 


it causes little or no hypotension 


it is remarkably free from drowsiness and depressing effect— 
patients are alert, active and communicate freely 


pain at the site of injection is minimal and 
rarely interferes with repeated administration 


side effects are minimal (the only side effect seen 

with any frequency is a transient extrapyramidal syndrome, 
and this has been found to respond readily to reduction 
of dosage or treatment with anti-Parkinsonian drugs) 


Tablets, Ampuls, Spansulef sustained release capsules, 
Syrup and Suppositories. 


Smith Kline & French Laboratories, Philadelphia 1 


*T.M. Reg. U.S. Pat. Off. for prochlorperazine, S.K.F. 
+T.M. Reg. U.S. Pat. Off. for sustained release capsules, S.K.F, 
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‘Brant of /Primidone 


nvulsive 


thresholid 


Over 100 investigators in 15 countries have clinically demonstrated 
that ‘““Mysoline”—alone or in combination with other anticonvulsants 
— effectively controls grand mal and psychomotor attacks with a high 
degree of safety. No irreversible toxic effects have been reported. 


This is now supported by three years of successful clinical use in the 


United States. 


Supplied: 0.25 Gm. scored tablets, bottles of 100 and 1,000. 


AYERST LABORATORIES + NEW YORK, N.Y. © MONTREAL, CANADA 


“Mysoline” is available in the United States by 
arrangement with Imperial Chemical Industries Ltd. 
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FOR Authors 


Nevro.ocy, the official publication of the 
American Academy of Neurology, has been in- 
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lication of articles dealing with neurology and 
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investigation in these various fields. 

Manuscripts of papers read at meetings of 
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Psychiatrists 


Pacatal produces remarkable 
fluidity and warmness of affect.’”! 


Patients 


Pacatal makes me feel “‘ ‘on top 
of the world’ and wonderfully 
clear in the head.”’* 


Personnel 
With Pacatal “the hospital 
atmosphere is calmer and 
more optimistic . . . work more 
interesting.”’> 


...agree on the euphoric effect of 


acatal 


(BRAND OF MEPAZINE) 


Pacatal is distinguished from the earlier phenothiazine compounds because 

it does not “flatten”’ the patient. Pacatal leaves him alert and cheerful—more 

responsive to your therapy. Side effects, too, are fewer; and when they 

do oecur, are usually quickly controlled or reversed. 

Dosage: Usual dosage for the hospitalized patient is 50 mg. 3 or 4 times daily; 
for the ambulant patient, 25 mg. 3 or 4 times daily. Complete literature 

and dosage instructions, available on request, should be consulted. 

Supplied: 25 and 50 mg. tablets in bottles of 100 and 500; 100 mg. tablets in 

bottles of 500. Also available in 2 cc. ampuls (25 mg./cc.) for parenteral use. 


References: 

1. Sainz, A.: Personal communication. 

2. Hutchinson, J. T.: Evaluation of Pacatal in Psychotic States, 
address before the American Psychiatric Association, Nov. 16, 1956. 

3. Bowes, H. A.: Am. J. Psychiat. 113:530 (Dec.) 1956. 
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for those with 


PARKINSONISM 


“...in our experience procyclidine (Kemadrin) proved a worthy 
addition to the therapy of parkinsonism, because it afforded relief 
to many patients who had failed to respond to other drugs. It 
exerts an action against all symptoms of parkinsonism... hence it 
may be employed as the basic drug in commencing treatment 
with new cases.” 

Zier, A. and Doshay, L. J.: Procyclidine Hydro- 


chloride (Kemadrin) Treatment of Parkinsonism 
in 108 Patients, Neurology (July) 1957. 


“...in our series of 30 severe Parkinsonism sufferers, 21 obtained 
moderate to good relief with the use of this new agent, Kemadrin, 
in combination with other drugs.” 


Lerner, P. F.: Kemadrin, a New Drug for Treat- 
ment of Parkinsonian Disease, J. Nerv. & Ment. 
Dis. 123:79 (Jan.) 1956. 


Smoother activity, 
and brighter expression 


Also indicated for the treatment of drug-induced 
symptoms resembling parkinsonism, developing 


during treatment of mental patients. 


*‘KEMADRIN’ brand Procyclidine Hydrochloride 
Tablets of 5 mg., scored. Bottles of 100 and 1,000. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N. Y. 
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REVIEW COURSES IN 


BASIC and CLINICAL NEUROLOGY 


APRIL 21, 22, 23, 1958 
Preceding the 


1958 AMERICAN ACADEMY OF NEUROLOGY MEETING 
Bellevue-Stratford Hotel, Philadelphia, Pennsylvania 


NEUROPATHOLOGY—April 21, 1958. Dr. Fae Y. Tichy. Fees: Jun- 
iors $15.00; Fellows, Actives, and Associates: $20.00; Non-members: 
$30.00. Deposit on slide box: $25.00 (all membership categories) . 
DISORDERS OF MOVEMENT—April 21, 1958. Dr. Charles A. Kane. 
Fees: Juniors: $10.00; Fellows, Actives, and Associates: $15.00; Non-mem- 
bers: $20.00. 

NEUROPHARMACOLOGY—April 21, 1958. Dr. Donald B. Tower. 


Fees: Juniors: $10.00; Fellows, Actives, and Associates: $15.00; Non-mem- 
bers: $20.00. 


ELECTROENCEPHALOGRAPHY—April 22, 1958. Dr. Frank Morrell. 


Fees: Juniors: $10.00; Fellows, Actives, and Associates: $15.00; Non- 
members: $20.00. 


PEDIATRIC NEUROLOGY—April 22, 1958. Dr. Sidney Carter. Fees: 


Juniors: $10.00; Fellows, Actives, and Associates: $15.00; Non-members: 
$20.00. 


PHYSIOLOGY AND DISEASES OF CEREBRAL CIRCULATION— 
April 22, 1958. Dr. A. L. Sahs. Fees: Juniors: $10.00; Fellows, Actives, 
and Associates: $15.00; Non-members: $20.00. 


CURRENT ADVANCES IN NEUROLOGY—April 23, 1958. Dr. Joe 


R. Brown. Fees: Juniors: $10.00; Fellows, Actives, and Associates: $15.00; 
Non-members: $20.00. 


NEURO-OPHTHALMOLOGY—April 23, 1958. Dr. N. S. Schlezinger. 


Fees: Juniors: $10.00; Fellows, Actives, and Associates: $15.00; Non- 
members: $20.00. 


FINE STRUCTURE OF THE NERVOUS SYSTEM—April 23, 1958. 
Dr. William F. Windle. Fees: Juniors: $10.00; Fellows, Actives, and Asso- 
ciates: $15.00; Non-members: $20.00. 


ENROLLMENT FOR ALL COURSES IS LIMITED 
Priority will be determined by date of application 
No application will be accepted after April 1, 1958 


° 
Outline of each course, application and further information may be 
obtained from 


Mrs. J. C. McKinley, Executive Secretary 
3501 East 54th St., Minneapolis 17, Minnesota 
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SPECIFY 


GRASS 
INSTRUMENTS 
FOR 
PHYSIOLOGICAL 
RESEARCH 
AND 
CLINICAL 
APPLICATION 


SHOWN ABOVE 
IT 1 RACKMOUNT INSTRUMENT TABLE. 
C 4 KYMOGRAPH CAMERA. 
S 4 STIMULATORS. 
P 5 A.C. PRE-AMPLIFIERS. 
P 6 D.C. PRE-AMPLIFIER WITH HIGH IMPEDANCE PROBE. 
LS 1 LOUDSPEAKER MONITOR. 
BC 2 BATTERY CHARGER. 
OTHER INSTRUMENTS 
SIU 4 STIMULUS ISOLATION UNIT. 
P 7 D.C. HIGH IMPEDANCE PROBE. 
PS 1 PHOTO STIMULATOR. 
FT.03 and FT10 FORCE TRANSDUCERS. 
PT 5 VOLUME TRANSDUCER FOR PLETHYSMOGRAPHY. 
CONTROL CIRCUIT FOR WOOD OXIMETER EAR PIECE. 
CORTICAL and DEPTH ELECTRODES. 
POLYGRAPH, MODEL 5 
ELECTROENCEPHALOGRAPHS, SERIES Ill AND IV. 


CONVERTERS TO ALLOW TRANSDUCERS AND D.C. POTENTIALS TO 


RECORD ON MODEL Ill ELECTROENCEPHALOGRAPHS. 


GRASS INSTRUMENT COMPANY 
101 OLD COLONY AVENUE - QUINCY, MASS. 


INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1935 
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amples of the ele 


\cephalogram@pt,patient taken before and during treatmént with DIAMOX 


Administered by mouth to 126 patients 
with various forms of epilepsy, many of 
whom were refractory to standard therapy, 
DiAMox gave practically complete control 
of seizures in 34 cases, 90-99% reduction 
of seizures in an additional 12 cases, 50- 
90% in 22 cases, less than 50% in 58 
cases. Diet was not restricted. Jn at least 
half ‘of the patients benefited, DiaMox 
was used alone. 


In no cases was the condition made worse. 
No serious abnormalities of blood, urine, 
or bone were observed during treatment, 
which was maintained over periods from 
three months to three years. 


Measures having a beneficial influence on 


ACETAZOLAMIDE LEDERLE 


epileptic seizures often involve certain 
drawbacks. In contrast, DiAMox is simple 
to administer, has a wide margin of safety, 
produces a smaller systemic acidosis, has 
an effect that is surprisingly well-sustained. 


A highly versatile drug, DiaMox has also 
proved singularly useful in other condi- 
tions, including cardiac edema, acute glau- 
coma, obesity, premenstrual tension, toxe- 
mias and edema of pregnancy. 


Supplied: Scored tablets of 250 mg., Syrup 
containing 250 mg. per 5 cc. teaspoonful. 


1. Lombroso, C. T., Davidson Jr., D. T., and Grossi- 
Bianchi, M. L.: Further Evaluation of Acetazolamide 
(DiamMox) in Treatment of Epilepsy, J.A.M.A. 160 
268-272, 1956. 


LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK E> 


*Reg. U.S. Pat. Off. 
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SQUIBB ANNOUNCES A NEW, 
IMPROVED AGENT FOR BETTER 
MANAGEMENT OF 


PSYCHOTIC PATIENTS 


a schizophrenia 
a manic states 


= psychoses associated with 
organic brain disease 


on 5-2. eh, 
Squibb Triflupr 10-(3: propy!)-2-(tri 


SQUIBB 


Squibb Quality —the Priceless Ingredient 


4 q 
Wy, 


hydrochloride 


chemically 
improved 

Modification of the phenothiazine 
structure potentiates beneficial 
properties... 

reduces unwanted effects 


pharmacologically 
improved 


Enhanced potency with far less 
sedative effect 


clinically improved 
Does not oversedate the patient into 
sleepiness, apathy, lethargy 


Drug induced agitation minimal 


Active and rapid in controlling man- 
ic states, excitement and panic... 
in modifying the disturbing effects 
of delusions and hallucinations... 
in moderating hostile behavior . . . 
in facilitating insight 

Intractable behavior patterns 
brought under control . . . patients 
made accessible to psychotherapy... 
nursing care reduced... 

social rehabilitation hastened 


Effective dosage levels may 
be reached without development of 
side effects 


In extensive clinical experience— 
singularly free from toxicity 
Jaundice or liver damage—not 


observed 
Skin eruptions—rare 


‘Photosensitivity—rare 


Blood dyscrasias—not observed 
Hyperthermia—rare 
Convulsions—not observed 


Dosage: Usual initial dose, 
25 mg. t.i.d., to be adjusted according 
to patient response. See literature. 


Tablets of 10, 25 and 50 mg. 


*Vesprin’ is a Squibb trademark 
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New Electrosurgical Unit with Improved Features — 


C-264 Electrosurgical 
Automatic Line Voltage Control Unit 


An automatic transformer controls the in- 
coming line voltage, regulating it in such a 
way as to produce maximum cutting and 
coagulating efficiency. The automatic volt- 
age regulator keeps voltage constant at 115 
volts even when incoming line voltage varies 
between 80 and 135 volts. It eliminates poor 
results sometimes caused by low line voltage. 


Increased Power Output 


The power output on the vacuum tube cutting current end 
of the spark gap coagulating current has been substantially 
increased to give maximum efficiency in cutting and coagu- 
lating without excessive destruction of tissue or damage 
to instruments. 


Increased Cutting Speed 


Full wave rectification is obtained by use of oscillator tubes 
utilizing both waves of the alternating current cycle. This 
produces a full wave form pattern with a faster and more 
uniform cutting speed. 


Triple Pedal Footswitch 


The footswitch provides three separate foot pedals for the 
control of the vacuum tube cutting current, spark gap coagu- 
lating current and blend of cutting and coagulating currents. 
The switch has a broad metal base and the pedals are 
located in a position most convenient for the operator. The 
connecting cord at the base of the switch is heavily insulated 
and of sufficient length to permit positioning of the foot- 
switch at a convenient location on the floor. 


Low center of gravity and 
ball bearing wheels mini- 
mize tipping hazards, 


Volt meter on control panel shows output voltage at 
all times; automatic regulator keeps output con- 
stant at 115 volts even when incoming voltage 


waries between 90 and 135 volts. Handles control Knob on front of unit provides the extremely fine control 
power of cutting and coagulating currents and pilot of cutting current necessary in brain surgery and in 
lights indicate which type of current is in use. retinal detachment operations. 


Visit your dealer to inspect this improved unit or write for complete information 


ESTABLISHED FREDERICK J. WALLACE, President 


Ametican (ystoscope Makers, Ine. 


BY REINHOLD WAPPLER 8 PELHAM PARKWAY PELHAM MANOR, N. Y. 
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“Doctors can’t help shingles?” 


Physicians who have used PROTAMIDE extensively deplore such 
statements as unfortunate when they appear in the lay press. They 
have repeatedly observed in their practice quick relief of pain, 
even in severe cases, shortened duration of lesions, and 
greatly lowered incidence of postherpetic neuralgia when 
PROTAMIDE was started promptly. A folio of reprints is 
available. These papers report on zoster in the elderly — 
the severely painful cases — patients with extensive 


lesions. PROTAMIDE users know “shingles” can be helped. 


PROTAMIDE’ 


. Detroit 11, Michigan 
Available: Boxes of 10 ampuls—prescription pharmacies. 
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Control the major symptoms 


In Parkinsonism Parsidol has proved outstandingly effective for controlling tremor and 
muscular rigidity, the principal impairments in this disease.1.2 


With Parsidol most patients show rapid, even dramatic improvement—both in major symptoms 
and in gait, posture, balance and speech. Side effects are minimal. Parsidol is compatible with 
all other antiparkinsonian drugs and its effectiveness may even be increased in combination or 
rotation with such preparations as atropine and dextroamphetamine.} Parsidol improves the 
patient’s emotional perspective, promotes a more optimistic outlook as physical coordination 
and dexterity return. 


Most patients can be controlled with a maintenance dosage of 50 mg. four times daily. How- 
ever, more severe Cases may require up to 600 mg. daily, a dosage level ordinarily well tolerated. 


References: 1. Doshay, L. J.; Constable, K. and Agate, F. J., Jr.: J.A.M.A. 160:348 (Feb.) 1956. 2. Berris, H.: J.-Lancet 74:245 
Quly) 1954. 3. Timberlake, W. H. and Schwab, R. S.: N. Eng. J. Med. 247:98 (July 17) 1952. 


PARSIDOL 


hydrochloride 


WARNER-CHILCOTT 


Above and right are action pictures, taken 
from a Warner-Chilcott film study, of a 
parkinsonian patient before and after initia- 
tion of Parsidol therapy for major tremor. 
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Brainstem Tumors in Children 


Patrick F. Bray, M.D.,° Sidney Carter, M.D. and 
Juan M. Taveras, M.D. 


TUMORS ARISING within the brainstem are more 
common in children than in adults. The onset 
of neurologic symptoms and signs is frequently 
insidious and increased intracranial pressure 
usually does not develop until late in the 
course of the disease, if at all. This slowly 
developing clinical picture and the wide range 
of neurologic signs frequently make early diag- 
nosis difficult. The multiplicity and diversity 
of the neurologic signs may mislead one into 
thinking first of primary infections of the cen- 
tral nervous system, postinfectious encephalop- 
athies, demyelinating processes, cerebrovascu- 
lar accidents, and congenital brain defects, in- 
duding the all-inclusive concept of cerebral 
palsy. 

There were 12 brainstem gliomas in the 100 
unselected autopsy-verified cases of intracra- 
nial tumor reported by Bailey, Buchanan, and 
Bucy.! Walker and Hopple,? in reviewing the 
same number of cases (100), also reported 12 
instances cf pontine tumor verified by tissue 
examination or operative visualization. Again 
in 100 cases, Smith and Fincher* reported an 
incidence of five pontine neoplasms. Ingraham 
and Matson‘ reported 30 cases in their series 
of 313 brain tumors in children, 23 of which 
had the diagnosis confirmed at operation or 
autopsy. Out of 85 verified cases collected by 
Cuneo and Rand,® there were two pontine tu- 
mors. In reporting 427 cases of brain tumor 
in children, Keith, Craig, and Kernohan® de- 
scribed them in terms of pathologic type and 
position in relation to the tentorium, but did 
not break down the group further as to tumor 
location. 

It is the purpose of this paper to document 
the pattern of neurologic syniptoms and signs 
in this disease and to re-emphasize the impor- 
tant diagnostic role of pneumoencephalogra- 
phy. More important probably than either of 


these objectives is the need to point out that 
the use of roentgen therapy in this relatively 
hopeless group can offer temporary improve- 
ment and, in some instances, a prolonged sur- 
vival. 


CASE MATERIAL 


We have collected 48 cases with the diag- 
nosis of brainstem tumor which were seen over 
the last 24 years at the Neurological Institute 
and Babies Hospital of the Columbia-Presby- 
terian Medical Center in New York City. All 
of these children had the onset of their illness 
before their sixteenth birthday. 

The criteria upon which the diagnosis was 
based are illustrated in figure 1. The relatively 
low rate of histologic confirmation in this study 
is due to the fact that, when the clinical signs 
and diagnostic x-ray contrast studies were con- 
clusive, operative intervention was not carried 
out. Many of the patients died at home after 
roentgen therapy. Also, tissue diagnosis was 
uncommon, even in those cases confirmed by 
surgical exploration, because the close involve- 
ment of this tumor in the brainstem renders 
it a hazardous area to biopsy. 

The tumors in ten of the cases were verified 
at autopsy and varied in their histologic struc- 
ture. Five cases showed varying degrees of 
glioblastomatous change arising from an astro- 
cytoma. Three tumors were classified as astro- 
cytoma and two as spongioblastoma polare. 
This variability in the microscopic picture is in 
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keeping with the experience of others,’ and 
has been cause for considerable controversy 
among pathologists striving for a correct and 
uniform terminology. 

Diagnostic confirmation in six cases was 
made 4 exploration of the posterior fossa and 
visualization of the brainstem. Three of these 
patients were explored surgically on the basis 
of air contrast studies which had been thought 
to indicate a cerebellar tumor. The presence 
of papilledema — surgery in the other 
three patients, despite neurologic signs which 
favored the diagnosis of a brainstem lesion. 
In all six the surgeons noted intrinsic enlarge- 
ment of the pons or medulla by tumor mass. 
In the three cases in which biopsy was per- 
formed, a tissue diagnosis of astrocytoma was 
made in two and in the third case the tissue 
removed was insufficient for diagnosis. 

Thirty-five patients had air contrast studies 
which were technically satisfactory. Thirty-two 
of these revealed abnormalities which were 
considered typical of brainstem tumor, and 
eight of the 32 cases were proved at autopsy. 
All but two of the 24 cases which were not 
verified by postmortem study showed neuro- 
logic abnormalities which were clinically typ- 
ical. Three cases in the total of 35 air contrast 
studies revealed findings that were erroneous 
or not diagnostic. However, in all three of 
these patients the diagnosis was later made by 
suboccipital exploration and visualization of 
the tumor. 

Eight cases have been included in this series 
in which there was neither histopathologic nor 
radiologic evidence to support the diagnosis, 
but in which the clinical picture was typical. 
The typical clinical picture of brainstem glio- 
ma has been described by many authors.!:+,7 
Their data, in addition to an analysis of our 
other 40 cases in which confirmatory evidence 
was available, serve as reference in support of 
the diagnosis. Among these eight cases, seven 
patients were known to have died, the longest 
survival period being 14 months. This period 
of limited longevity is circumstantial evidence 
in keeping with the clinical evidence of brain- 
stem glioma. 


ANALYSIS OF CASE MATERIAL 


Race and sex. The data on race and sex 
distribution of these 48 patients with brain- 
stem tumor are recorded in figure 2. There 
were 23 males and 25 females. In terms of 
race distribution there were 41 white children 
(85 per cent); seven of the patients (15 per 
cent) were colored. These latter figures are 


in keeping with the average distribution for 
race in the greater New York area. 

Age of onset. The average age at the onset 
of symptoms in this series of cases varied from 
two to 16 years, with an average of six years 
and eight months (figure 2). This figure cor- 
responds closely to that of the 30 cases re- 
ported by Ingraham and Matson.* In only one 
case was the age at onset of symptoms under 
three years of age. This is in contrast to the 
experience with medulloblastoma where the 
peak incidence occurred at about three years 
of age in the 68 such tumors — by 
Ingraham and Matson.* The age of six years 
and eight months does not help by itself to 
distinguish brainstem gliomas from other com- 
monly occurring posterior fossa mass lesions 
like cerebellar astrocytoma and ependymoma. 

Symptomatology. The incidence of sym 
toms is recorded in figure 3. It is frequently 
impossible to differentiate historically whether 
gait disturbance is a sign of weakness due to 
corticospinal tract involvement or a sign of 
ataxia due to a cerebellar pathway lesion. A 
little over half the patients were reported to 
have a squint, and slightly less than half had 
vomiting, headache, and speech disturbance. 
To account for the common early symptoms of 
headache and vomiting is difficult since in the 
majority of cases it is unlikely that they are 
a reflection of increased intracranial pressure. 
It has been suggested by some that vomiting 
may be due to direct involvement of the me- 
dullary vomiting center. On the other hand, 
these symptoms may be nonspecific. By the 
time these youngsters were first hospitalized, 
personality changes, swallowing difficulties, and 
drowsiness were noted in approximately 25 
per cent of the cases. 

Incidence of neurologic signs. It is apparent 
from figure 4 that pyramidal tract signs are 
very common in patients with brainstem glio- 
ma. Hemiparesis associated with a reflex pre- 
ponderance and Babinski sign is the usual pic- 
ture. Frequently bilateral reflex changes and 
occasionally quadriparesis were seen, indicat- 
ing bilateral pyramidal tract involvement. 

Involvement of multiple cranial nerve nuclei 
is also the rule in these children (figure 5). 
The most commonly involved cranial nerve in 
this series was the seventh, and 25 per cent 
of all patients showed a facial diplegia at 
some time during their disease. Ninth and 
tenth nerve involvement occurred often, ac- 
counting for the common symptoms of dysar- 
thria and dysphagia. Sensory fifth involvement 
was seen frequently, whereas the motor branch 
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CRITERIA FOR DIAGNOSIS 
AIR CONTRAST STUDY 24 
AUTOPSY 
CLINICAL EVIDENCE 


OPERATIVE EXPLORATION 


BRAINSTEM TUMOR 
1932-1956 


NUMBER OF CASES 


ss HOH 28 4 6 


(0) ® AGE IN YEARS 
NEUROLOGIC SYMPTOMATOLOGY PYRAMIDAL TRACT SIGNS 
Gait Disturbance C az J jExtensor Plantar Response 
Squint Unilateral 
Vomiting Bilateral 
Headache Hemiporesis 
Dysarthria Spastic 


Focia! WeoknessC—— 
Personality Change 
Head Tilt co 
loss CO 


Dysphagia 


Flaccid or Normal Tone 
Hyperrefiexia (Unilateral) 


Quadripareresis 


25 50 75 100 


® Percentage 


CRANIAL NERVE INVOLVEMENT MISCELLANEOUS NEUROLOGIC SIGNS 
Cranial Nerve Cerebellar Signs 

w Equilibratory 
ond x Non-Equilibrotory 

Nystogmus 
Horizontal 
Z (sensory) Vertical 
Y (motor) Gore Poraolysis 

Horizontal 

Verticel 
ym Popilledeme 
xr Hemisensory Deficit 

Bosal Ganglic 

25 50 75 100 Choreoothetosis 
Percentage 25 50 75 100 
® Percentage 

Fic. 1. Criteria for diagnostic grouping of 48 patients with brainstem tumor. 
Fic. 2. Age, sex, and race distribution in series of 48 children with brainstem tumor. 
Fic. 3. Incid of logic sympt in 48 children with brainstem tumor. 
Fic. 4. Incidence of pyramidal tract signs in 48 children with brainstem tumor. 
Fic. 5. Incidence of cranial nerve signs in 48 cases of brainstem tumor. . 
Fic. 6. Incid of miscell logic signs in 48 children with brainstem tumor. 


of this nerve seemed to suffer less often, par- 
ticularly in the latter stages of the disease. 
Sixth nerve palsy was noted in a little over 
half the cases. The tongue was involved in 
about a fourth, and deafness, usually unilat- 
eral, occurred in seven patients. Other neuro- 
logic signs seen in this group are charted in 
figure 6. Both equilibratory and non-equilib- 
ratory ataxia were found in the majority of 
these patients. This has been interpreted to 


indicate involvement of the corticopontocere- 

bellar fibers, the so-called middle cerebellar 

peduncle as it courses through the stem. 
Horizontal nystagmus was seen in over 

the patients, and vertical nystagmus in 29 

wr The critical finding. of 

was present in almost half the cases at some 

time and was felt to be most important in 

localizing the-lesion inside the brainstem. Up- 

ward gaze paralysis, which was noted in five 
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patients, is regarded as a cardinal sign of 
upper midbrain compression, and for this rea- 
son pinealoma was considered in the differen- 
tial diagnosis of these cases. As pointed out 
by other authors, sensory deficits are uncom- 
mon with tumors of the stem since the medial 
lemniscus seems to be peculiarly resistant to 
the effects of pressure. Only five patients (10 
per cent) in this series demonstrated a hemi- 
sensory deficit at some time during their illness. 
Only two patients had involuntary movements 
indicating involvement of the basal ganglia. 

In this group of 48 patients, 17, or 35 per 
cent, developed papilledema at some time dur- 
ing their illness. The average interval between 
the onset of symptoms and the development 
of papilledema was five months. Among the 
31 children who were not observed to de- 
velop papilledema, an average interval of four 
months elapsed between the onset of symp- 
toms and the last negative eye ground exam- 
ination. 

Cerebrospinal fluid findings. Cerebrospinal 
fluid pressure measurements were recorded in 
ten patients; the average value was 155 mm. 
of water. Only two of these patients had values 
which could be considered even slightly ele- 
vated (200 and 220 mm. of water). Twenty- 
one patients had cerebrospinal fluid protein 
determinations. The average value in 20 of 
these 21 patients was 28 mg. per 100 ml. The 
only patient who had an elevated protein de- 
termination, 68 mg. per 100 ml., was also the 
only one who had a significant elevation in his 
cell count, 207 cells per cu.mm. At autopsy 
he was found to have a glioblastoma arising in 
an astrocytoma which had extended to involve 
the leptomeninges. The average cell count in 
ten of the 11 patients who had cell determina- 
tions was 5 cells per cu. mm. 

Roentgenographic findings. A total of 34 
patients had simple roentgen examination of 
the skull. Evidence of increased intracranial 
pressure was found in seven of these 34 cases 
(five of the seven manifested by suture sepa- 
ration and two by changes in the sella turcica). 

In figure 7 comparative lateral view pneu- 
moencephalograms are shown in a normal 
child and in a child with a brainstem tumor. 
The typical findings on 
phy in cases of brainstem tumor include pos- 
terior and upward displacement of the aque- 
duct of Sylvius and the fourth ventricle (“bow- 
ing” of the aqueduct), as seen in the lateral 
roentgenogram. In this same view the anterior 
margin of the fourth ventricle is sharply de- 
fined and the cisterna pontis may be narrowed. 


In cases where the tumor is quite large, one 
may see elevation of the floor of the posterior 
part of the third ventricle (figure 7). Thirty 
of the 48 cases being reviewed had air con- 
trast examinations in which the size of the 
lateral or the third ventricle could be esti- 
mated. Ventricular dilatation was present in 
20 of these 30 patients, but the degree of 
ventricular enlargement was most frequently 
slight or moderate, even in patients with large 
tumors. 

Results of radiotherapy. In this group of 
48 brainstem tumors, 39 patients lived long 
enough to receive at least one course of radio- 
therapy. In the cases treated prior to 1952 
the patients received approximate tumor doses 
of 1,000 to 1,200 r over a period of 12 to 30 
days, depending upon the condition of the pa- 
tient. This dose was repeated two or three 
times at six-week intervals. In the past four 
years an effort has been made to deliver a 
single tumor dose to an adult of 4,000 r in 
28 days and this is scaled down for children. 
In infants under two years of age, half of the 
adult dose is given; between three and four 
years of age, 75 per cent of the adult dose is 
used; the dose is increased gradually with in- 
creasing age until at eight years the full adult 
tumor dose is employed. 

For purposes of discussion we have divided 
the cases into three groups: 1) those followed 
until death (24 cases); 2) those still alive one 
month to 13 years after treatment (eight 
cases); 3) those lost to follow-up after a pe- 
riod of observation ranging from one month to 
three years (seven cases). 

The 24 patients in the first group received 
one or more courses of roentgen therapy. Sur- 
vival time in these patients was computed from 
the first hospital admission date, when the 
diagnosis was established, to the date of death. 
The average survival time among this group 
was nine months. Fifteen of the 24 cases (63 
per cent) were thought to have shown clinical 
improvement following treatment. If one com- 
pares the survival time in these 15 patients 
responding favorably to roentgen therapy with 
those nine failing to benefit, one finds average 
survival times of 11 and one-fourth months 
and four and three-fourth months, respec- 
tively. 

There was a striking consistency in the time 
that it took for clinical improvement to appear. 
With the first course of therapy, practically 
all patients manifested improvement between 
three and six weeks after the onset of treat- 
ment. We have been interested in document- 
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Fic. 7. Normal air study (left) compared with that seen in a patient with a large brainstem tumor (right). 
1 it of th 


Posterior and upward disp 


ing, if possible, the pattern of clinical im- 
provement; this could done from the avail- 
able data in 13 patients. Ten of the children 
showed incomplete clearing of the cranial 
nerve signs, nine manifested partial disappear- 
ance of corticospinal tract signs, and six dem- 
onstrated improvement in such or 
ways as the development of a sense of well- 
being and clearing of headache and vomiting. 

Among the 15 patients who showed clinical 
improvement in response to the initial roentgen 
course, 12 received a second course of ther- 
apy. Seven of these were believed to show 
some of the signs of clinical improvement when 
they were re-treated. The time interval and the 
pattern of improvement did not differ appre- 
ciably from those following the first course of 
treatment. There were no children in this 
group of patients followed to death who re- 
sponded to subsequent courses of therapy after 
failing to respond to the initial treatment series. 

There are eight patients in our second 
group who are still alive after having received 
roentgen therapy. Naturally, those individuals 
with the longest survival times would fall into 
this group. 

The third group of patients who received 
roentgen therapy were those in whom no 
follow-up was available at the time of writing; 
there were seven patients in this group. Six 
of them were seen over a sufficiently long time 
so that their response to therapy could be 
evaluated. Four of the six appeared to have 
had at least one beneficial response. The fol- 


e aq and fourth ventricle is seen. 


low-up periods and clinical observations were 
inadequate to evaluate subsequent courses of 
therapy in the three individuals who received 
them. 

In an effort to predetermine those individ- 
uals who would respond favorably to radio- 
therapy, the clinical findings have been com- 
pared in those who did and those who did not 
show improvement following treatment. There 
was no striking difference in the age at onset 
of symptoms (seven years and six months, as 
compared with seven years and five months). 
Likewise, there appears to be no real differ- 
ence between the groups in the duration of 
symptoms prior to the first hospital admission 
(2.8 months, compared with 2.4 months). The 
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Fic. 8. Correlation between response to radiation 
therapy and the p of gic signs. 
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neurologic findings used for comparison were 
those present at the time of first hospital ad- 
mission. The two groups appeared to differ 
appreciably (figure 8) in terms of the degree 
oF pyramidal tract involvement, the incidence 
of tenth cranial nerve dysfunction, and pos- 
sibly in the incidence of papilledema. Inspec- 
tion of the data reveals that there is appar- 
ently no significant difference in the incidence 
of other cranial nerve involvement or cerebei- 
lar signs. In general, the severity of neuro- 
logic involvement was greater in the group 
failing to —— to treatment. As one might 
expect, complications of tenth nerve dysfunc- 
tion were frequent forerunners of the terminal 
state in this group of patients and this may 
have been a factor affecting the difference of 
survival times in the two groups. 

In summary, 37 patients received at least 
one course of radiation therapy. They survived 
and were followed long enough to permit clin- 
ical evaluation. Twenty-four of these cases 
showed definite improvement in neurologic 
signs for a variable period of time, and three 

atients were alive four, six, and 13 years 
after radiotherapy. 

Nine patients received no radiotherapy, usu- 
ally because they died so early after admis- 
sion that treatment could not be instituted. 
Seven of the nine patients succumbed during 
the first hospital admission, with eight of the 
nine dying within a six-week period. Three of 
these nine patients were explored surgically 
because of inconclusive clinical or roentgeno- 
graphic findings and all three patients died 
within eight days of being admitted to the hos- 
pital. The clinical picture in this group did not 
differ appreciably from that seen in the treated 
patients. 


DISCUSSION 


Recognition of the advanced case of brain- 
stem tumor should present no serious difficul- 
ty, providing the becomes familiar 
with the findings produced by an expanding 
lesion in this part of the nervous system. The 
neurologic abnormalities have been document- 
ed quite adequately by others, and the analysis 
of the findings in our 48 cases does not ne- 
cessitate any serious changes in diagnostic con- 
cepts. Symptoms of gait disturbance, squint, 
and dysarthria were seen commonly in our ex- 
perience, as they were with others. The fully 
developed picture of the patient with pyrami- 
dal tract signs, involvement of multiple cranial 
nerve nuclei, and cerebellar ataxia usually 


makes itself recognized quickly as a progres- 


. The 
— with the insidiously developing picture, 

owever, may go unrecognized for some time. 
One unfortunate patient who presented with 
a strabismus was treated with ¥ 6 muscle sur- 


sive disease of the central nervous 


gery, and this same child later had his tonsils 
removed when he developed dysarthria. 

In our series both the seventh and tenth 
cranial nerves were involved more commonly 
than the sixth. This is in contrast to the ex- 
perience of both Ingraham and Matson* and 
Bucy® who found the sixth cranial nerve to be 
affected most commonly. Also noteworthy is 
the fact that seven patients had either unilat- 
eral or bilateral deafness, something not em- 
phasized by others. Our experience in finding 
sensory deficits infrequently was in keeping 
with that of Ford.? 

The problem of increased intracranial pres- 
sure has been considered at some length in the 
analysis of these cases. We discovered some 
degree of ventricular dilatation in two-thirds 
of the patients who had air contrast examina- 
tions. This is in contrast to the observed in- 
cidence of papilledema. These figures tend to 
support the idea that, although one is fre- 
quently dealing with an obstructive lesion, the 
obstruction is undoubtedly slow in its develop- 
ment. Lumbar puncture with pressure re- 
cording was carried out in only a limited num- 
ber of patients for several reasons. The poten- 
tial danger of lumbar tap in a patient with a 
posterior fossa mass lesion has long been a 
deterring factor. Also it has been felt that air 
contrast study would yield more definitive 
diagnostic data and avoid delay. After recent 
years’ experience, however, the feeling has de- 
veloped among this group that considerable 
data can be safely obtained from pressure re- 
cordings, cell count, and protein determina- 
tions. However, it must be emphasized that 
before spinal tap is carried out, judicious se- 
lection of those patients who present with neu- 
rologic signs common to this group of patients 
is essential. 

The cerebrospinal fluid formula in this se- 
ries was almost uniformly normal, both in 
terms of cellular elements and protein content. 
Only two out of ten patients showed an ele- 
vation of initial pressure on lumbar puncture. 
The finding of an abnormal fluid, therefore, 
would suggest a process other than brainstem 
tumor. 

The accurate diagnostic role of pneumoen- 
cephalography has already been emphasized. 
It is apparent that this technic is preferable 
to ventriculography in these patients, since not 
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only can small amounts of gas be used (10 
to 30 cc. of air), but the contrast medium is 
more likely to reach the areas where it is crit- 
ical for diagnosis, the fourth ventricle, aque- 
duct, and basal cisterns. In fact, 10 or 20 cc. 
of air can be injected without the removal of 
any spinal fluid and this further decreases the 
morbidity of the procedure. 

The management of patients with this dis- 
order is a and discourag- 
ing matter. Surgery has little to offer, although 
posterior fossa decompressions and shunting 
procedures to relieve intracranial hypertension 
have been used as palliative measures in se- 
lected cases. If one refers to the experience of 
others, it becomes apparent that radiotherapy 
has not been used with much enthusiasm. In- 
graham and Matson‘ have the impression that 
occasionally symptoms are relieved temporarily 
and they recommend a tumor dose of 3,000 r. 
Peirce and co-workers® reported definite clin- 
ical improvement with roentgen therapy but 
they did not specifically differentiate the re- 
sponse of their brainstem cases in describing 
their series of 80 patients with all types of 
brain tumor. In another report by Peirce and 
Bouchard! the treatment of 243 brain tumors 
is reviewed, and again they point out the 
major role to be played by radiation therapy 
in management, although it was not entirely 
clear how many brainstem tumors were treat- 
ed and whether their response was different 
from that of other cerebral neoplasms. The 
one case of brainstem tumor in the series of 
Freid and Davidoff!! was not influenced by 
roentgen therapy. Our experience with radia- 
tion therapy has certainly not been dramatic. 
However, the repeated experience of having 
induced a clear-cut remission of neurologic 
symptoms and signs for a short period of time 
deserves emphasis. The majority of those pa- 
tients who received a complete course of treat- 
ment were thought to have shown improve- 
ment with radiation therapy. It should be em- 
phasized that there is a lag period, usually 
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three to six weeks, between the onset of treat- 
ment and the initial signs of improvement. 
The signs of improvement usually noted were 
partial clearing of cranial nerve and pyramidal 
tract abnormalities. No patients responded 
well to subsequent courses of roentgen therapy 
after failing to improve with the initial series. 

As to the relationship of therapeutic dose 
of radiation to clinical response, it has been 
our impression that the higher doses which we 
have been employing recently produce a re- 
mission of symptoms and signs in a greater 
percentage of patients. It is questionable 
whether there is any increase in survival time. 
Also, the recurrence of symptoms or signs 
seems to take place at approximately the same 
rate. However, a sufficiently large number of 
patients have not been treated in this manner, 
and it is not possible to state at this time 
whether there is such a thing as a radiocurable 
brainstem tumor. If any of these tumors is 
amenable to cure by radiation, the higher dose 
which still produces no damage to the unin- 
volved portions of the stem is to be preferred. 


SUMMARY 


1. The case histories of 48 patients have 
been reviewed in whom the diagnosis of brain- 
stem tumor was made by autopsy examination, 
surgical visualization, x-ray air contrast study, 
or Clinical evidence alone. 

2. The vital statistics, symptomatology, and 
neurologic findings in these patients have been 
presented. 

3. The diagnostic criteria found on air con- 
trast study have been pointed out and their im- 
portance has been emphasized. 

4. The response of a portion of this group 
of patients to radiation therapy has been re- 

rted. The occurrence of clinical remission in 
24 of the 37 patients treated with radiotherapy 
has been pointed out. An attempt has been 
made to correlate the clinical findings with the 
presence or absence of a favorable response to 
this treatment. 
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Mechanism of Production of Papilledema 


in the Guillain-Barré Syndrome 


R. J. Joynt, M.D. 


THE PRESENCE of increased intracranial pres- 
sure and papilledema in cases of the Guillain- 
Barré syndrome (infectious polyneuritis, in- 
fectious neuronitis, encephalomyeloradiculitis ) 
has been reported a number of times.!-1% 
Judging from the paucity of such case reports, 
it appears that increased cerebrospinal fluid 
pressure and papilledema rarely occur with 
the Guillain-Barré syndrome or are frequently 
overlooked. However, the mechanism of its 
production when present raises points of theo- 
retical and practical importance. Drew and 
Magee® pe that the relationship of pa- 
pilledema to the Guillain-Barré syndrome could 
not be explained adequately. Several investi- 
gators 1°14 have suggested that excessive pro- 
tein in the spinal fluid blocks absorption of the 
arachnoid villi so that external hydrocephalus 
is produced, with increased 
sure and papilledema. There are, however, cer- 
tain objections to this theory. Studies of the 
case presented here and an analysis of reported 
cases suggest that another mechanism may 
account more accurately for increased intra- 
cranial pressure and a. It is sug- 
gested that an actual increase in the brain 
substance due to cerebral edema may be the 
cause. The brain swelling in the case reported 
here resembles that described in cases pean 
dotumor cerebri, both in its clinical and patho- 
logic features. 


CASE REPORT 


An 11 year old boy entere’ the hospital with 
the complaint of weakness of the arms and legs 
for two and one-half weeks and double vision for 
two weeks. 

Four weeks prior to admission, he suffered a 
“slight cold” accompanied by chills. Ten days fol- 
lowing this, he noted weakness of the legs which 
was progressive, and he required assistance in 
standing and walking when hospitalized. There 
was numbness and aching in the calves and an- 
terior thighs. The diplopia had been persistent 
since its onset. On several occasions he had diffi- 
culty swallowing. There was no disturbance of 
bowel or bladder control. 

The initial examination revealed bilaterally sym- 
metric weakness of the arms and legs with the 
greatest weakness proximally in the arms and dis- 


tally in the legs. He could raise his legs only six 
inches from the bed and could not assume a sit- 
ting position without assistance. All tendon stretch 
reflexes were absent. There was symmetric diminu- 
tion of sensation below the knees which was most 
marked for pallesthesia and position sense, less so 
for light touch; pain sensation was preserved. 
Visual acuity at the time of admission was 6/6 
bilaterally. There was a diplopia on right lateral 
gaze, with mild weakness of the right external 
rectus. The right optic disk was slightly blurred. 
His blood pressure was 138/80, pulse 102, and 
temperature 99.4° F. Examination was otherwise 
unremarkable, except for obesity and undescended 
testicles. 

Blood count and urinalysis were normal. Uri- 
nary lead excretion was 0.06 mg./24 hours (nor- 
mal—less than 0.1 mg./24 hours). The spinal fluid 
contained three cells per cu. mm., Pandy reaction 
was 4+, and total protein was 480 mg. per cent. 
The pressure was not measured. Roentgenograms 
of the skull were interpreted as normal. 

There was little change in motor or sensory defi- 
cits during the first month of observation. The pa- 
tient complained of headaches and vomited on 
four occasions. Eleven days after admission (four 
weeks after onset of symptoms), it was observed 
that there was definite bilateral papilledema with 
venous congestion and hemorrhages around the 
disk margins. Fifteen days after admission, the 
disk elevation was measured at two diopters bi- 
laterally and the visual acuity was 6/9 bilaterally. 
The neurologic status remained the same, he was 
alert, but papilledema steadily increased. Nineteen 
days after admission, a second lumbar puncture 
was performed and the initial pressure of the 
spinal fluid was over 500 mm. of water, there were 
no cells, Pandy reaction was 4+, and the total 
protein was 317 mg. per cent. 

Ventriculography was performed on the twenty- 
seventh hospital day. Roentgenograms revealed 
normal ventricles without evidence of displace- 
ment, distortion, or dilatation (figure 1). Following 
this, a right subtemporal decompression and cor- 
tical biopsy of the temporal lobe were performed. 
The operator found the brain to be swollen, with 
immediate bulging through the area of opened 
dura. Following this, the site of decompression re- 
mained tense and bulging, but headaches did not 
recur. 

From the department of neurology, State University of 
Towa College of Medicine, Iowa City, Iowa. 


Read at the ninth annual meeting of the American Acad- 
emy of Neurology, Boston, April 25, 1957. 
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Three weeks after the subtemporal decompres- 
sion, there was still moderate papilledema with 
hemorrhages, but muscle pom was improving. 
On his sixty-third hospital day, the optic disks 
were flat and the site of the decompression was 
still bulging 2 cm. above the surrounding tissue. 
The various modalities of sensation were now nor- 
mal. The stretch reflexes were absent, and strength 
was estimated at 90 per cent of normal. He was 
discharged at this time. 

He was re-examined nine and one-half months 
later (one year after the onset of his illness). He 
had had no headaches. The only abnormal find- 
ings at this time were bulging (noted as 3+) of 
the decompression site, very mild weakness of the 
ankle dorsiflexors, and hypoactive reflexes. Visual 
acuity was 6/6 bilaterally and the optic disks were 
flat. 

The biopsy (figures 2 and 3) disclosed marked 
intracellular edema with occasional chromatolysis. 
There was no evidence of an active inflammatory 
process, vascular changes, or demyelination. 


DISCUSSION 


In almost all of the reported cases of Guil- 
lain-Barré syndrome with papilledema, two 
findings are striking. There is increased cere- 
brospinal fluid pressure and vision, although 
sometimes blurred, remains largely unaltered 
except for enlargement of the blind spots 
(table 1). The preserved vision excludes the 
possibility of the observed optic disk abnor- 
mality being optic neuritis, a point emphasized 
by Drew and Magee.® 

Several writers, as stated before, believe that 
any explanation for the increased cerebrospinal 
fluid pressure and must take into 
account the role of high protein levels in the 
cerebrospinal fluid. They advance the idea that 
the excessive protein blocks the absorption of 
cerebrospinal fluid by the arachnoid villi so 
that an external hydrocephalus is produced. 
The following points favoring this theory have 
been stressed by one or more of these writers: 
1) cerebrospinal fluid protein is exceedingly 
high in those patients who have increased pres- 
sure and papilledema; 2) the increased _pres- 
sure and papilledema occur late in the illness, 
allowing sufficient time for blockage of the 
absorption to take place; 3) Gardner and co- 
workers! demonstrated that the addition of 
autologous serum protein reduced the rate of 
absorption of Ringer's solution from the sub- 
arachnoid space in a dog; 4) the finding of an 
amorphous material presumed to be protein 
in the arachnoid villi in the case report by 
Denny-Brown;!? 5) the similarity to how in- 
stances of increased cerebrospinal fluid pres- 
sure and papilledema occurring in spinal cord 


Fic. 1. Ventriculograms of case report (lateral, pos- 
teroanterior, and anteroposterior views ). 


tumors,!4:15 small acoustic neurinoma,!* and 
where there is no demonstrable 
lock in the intracranial cerebrospinal path- 
way but where there is a high cerebrospinal 
fluid protein content; and 6) the alertness of 
the patient, the normal electroencephalogram, 
and the high Ayala index in the patient of 
Feldman and associates! which they felt was 
irreconcilable with the notion that cerebral 
edema may be the cause of increased intra- 
cranial pressure in these cases. 

From the findings of several reported cases 
(table 1), it is apparent that while the cere- 
brospinal fluid protein is often exceedingly 
high and the rise in pressure and papilledema 
does often occur late in the course of the ill- 
ness, this relationship is not constant. The 
present case report emphasizes this, in that 
papilledema was suspected two and one-half 
weeks and definitely observed four weeks after 
the onset of the illness. It is likely that the 
papilledema would be recorded much earlier 
in the course of this disease if the fundi were 
visualized at frequent intervals. It is well 
known that the cerebrospinal protein deter- 
mination in fluid from the lumbar sac is a poor 
index of the protein level of the intracranial 
fluid. Bassoe’™ reported a case of Guillain- 
Barré syndrome with papilledema in which 
the protein content of the fluid in the lumbar 
sac was 2,000 mg. per cent while the cisternal 
fluid protein level was 25 mg. per cent. 
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TABLE 1 
| & 
| | | £2 |S. 
| | |. 8 | 2k 
s ac | > | of jas 
| | oD os oD os | 
Gilpin et al 25 | F | 1mo. | 3D | 2D | N | N | 330 | 400 | 24 
~Louria& Mandelbaum? | 16 | M | iSdays | H | H | | | wo | a | 8 
Bakers 26 | | ap | | | ase | 763 | 
Baker [26 | F | | | 109 
Ford & Walsh’ | 26 | F | 7mos. | 3D | 3D | N N | 600 | 470 | 1 
Ford& Walsh M | Smo. | M | M | N | N | 400 | 200 | 
_Hand& Rudoyy || M | Aadays | OB | 310 | 
Hand & Rudoy 24 | M | 2mos. | B B | 66.1 | 
48 | F | Sdays | 2 | |N_ | 250 | 135 | 15 
Drew & Magee? | 38 | M | 7wks | 3D | E | 6 | os | 250 | 20 | | 
| M | teen | P | | 300 | 286 x 
Krohn" 21 | M | | 3D | 3D | N oz | 3 
P| P| | 10/A0 | s00*| 1500 | 1 
Feldman et al!? | | | | 470 | 
(same case) 16 mos. 3D | 4D N N 305 soo. 0, lO 
N—Normal Hazy” R—" Reduced” C—*Choked” 
M—" Moderate” B—" Blurred” Elevated” P—Papilledema 


*—Measured in sitting position 


Decreased absorption, increased production, 
and a block in the cerebrospinal circulation 
pathway are basic mechanisms for production 
of hydrocephalus, according to Russel.'* It is 
necessary to the theory of blocked absorption 
that hydrocephalus be demonstrated; however, 
Gardner and associates’ failed to produce it 
in the experimental animal, and the ventricles 
showed “no shift or deformity” in the patient 
described by Denny-Brown.?° In addition, the 
only other instances in which air studies were 
carried out are those of Ford and Walsh,® 
Dereux,!? and the case reported here. In all 
cases there was no dilatation of the ventricular 
system. It was on the basis of normal sized 
ventricles on air study that Dandy’ rejected 
the idea that a surfeit of cerebrospinal fluid 
could produce the increased intracranial pres- 


sure found in pseudotumor cerebri. He rea- 
soned that there must be an increase in the 
volume of brain substance itself and stated, 
“If the fluid in the meninges were increased, 
the ventricular system would naturally partici- 
na and, therefore, be correspondingly en- 
arged from the pepe. 

The mechanism producing increased intra- 
cranial pressure and papilledema in spinal cord 
tumors and small acoustic neurinomas is not 
analogous to the situation existing in the Guil- 
lain-Barré syndrome, since dilatation of the 
ventricles is produced in the former conditions 
but not in the latter. Love, Wagener, and 
Woltman,'® in their report of spinal cord tu- 
mors with papilledema, felt that the increased 
protein was not a factor in producing the in- 
creased pressure and papilledema, but it could 
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Fic. 2. Cortical biopsy, Nissl stain. 


result from a mechanical block anywhere along 
the neuraxis. The proponents of the high pro- 
tein theory also cite the occurrence of papille- 
dema in poliomyelitis with elevated cerebro- 
spinal ay protein as evidence to support their 
— It must be noted that in the one case 
rt by Weiman, McDowell, and Plum!® in 
which air studies were done, the ventricles 
were not dilated. Weiman and co-workers!® 
concluded that the increased pressure and 
papilledema were due to cerebral edema sec- 
ondary to the infection. 

The conclusion drawn by Feldman and asso- 
ciates!? that the alertness of the patient and 
the normal electroencephalogram _ preclude 
cerebral edema does not correspond with the 
well known findings in pseudotumor cerebri 
where cerebral edema has been verified patho- 
logically.2° In the large series of these cases 
reported by Foley,2! Davidoff,?? and by Sahs 
and Joynt, 20 mental alertness and a normal 
electroencephalogram were almost constant 


Fis. 3. Niss] stain. 


findings. The presence of a high Ayala index, 
which was cited to preclude cerebral edema, 
would depend upon the validity of the Ayala 
index Mi ascertaining the correct pressure 
values to place in the formula. In regard to 
the latter, Ecker?* found pressure variations 
as great as 190 mm. of water (410-600) while 
measuring the cerebrospinal fluid pressure over 
a five-minute period in three cases of pseudo- 
tumor cerebri (cerebral edema). With such dis- 
crepancies in pressure determination, compu- 
tation of the Ayala index would be difficult. 
Finally, there is ample evidence in autopsy 
findings to support the contention that cerebral 
edema does occur in some cases of Guillain- 
Barré syndrome. This disease process affects 
not only nerve roots and peripheral nerves but 
the entire central nervous system. Roseman 
and Aring,2* Polan and Baker,® Scheinker,?5 
and Haymaker and Kernohan*® all mentioned 
gross findings of cerebral edema or congestion 
in their examinations. Roseman and Aring** 
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reported that slight herniation of the uncus 
of the temporal lobe was present in all of their 
cases. These investigators reported various 
microscopic changes in the cerebrum as acute 
cell changes with swelling and chromatolysis, 
occasional shrinkage in the ganglion cells, con- 
gestion, petechial hemorrhages, swelling of the 
oligodendroglia in the white matter, and de- 
myelination. The findings at operation of the 
present case as well as that of Ford and Walsh® 
exhibited swelling of the brain at the time of 
decompression. The biopsy in the present case 
demonstrated marked swelling of the nerve 
cells, with occasional chromatolysis. There was 


no evidence of inflammatory cells, vascular 
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The Grasping Deficit in Infantile 


Spastic Hemiparesis 


Thomas E. Twitchell, M.D. 


TREATMENT OR REHABILITATION of patients 
with disorders of voluntary movement result- 
ing from central nervous system lesions de- 
pends, for its ultimate effectiveness, on a more 
complete understanding of the physiologic 
rinciples underlying the movement disorder. 
Although there is a great deal of literature con- 
cerning infantile _— hemiplegia, the phys- 
iologic nature of the deficit has not been con- 
sidered extensively. Though there may be in- 
volvement of face, arm, and leg on one side in 
infantile spastic hemiplegia, in the vast ma- 
jority of cases the arm is most severely affected 
and particularly the hand, for there is a defi- 
cient ability to use the hand of the affected 
extremity with anything approximating the 
power and dexterity of the normal hand. The 
purpose of the present study is to point out 
some of the factors underlying this movement 
deficit in the upper extremity, particularly with 
regard to use of the hand for grasping an ob- 
ject. 

It is important to realize that in infantile 
spastic hemiplegia, as well as in adult hemiple- 
gia from whatever cause, there are wide varia- 
tions in individual cases. Hemiplegia is not a 
static condition and, although all cases bear 
some general resemblance, close analysis of 
individual cases reveals clear differences. In 
a large series of cases, for example, there is 
considerable difference in the ability to use the 
affected hand. Some patients have a complete 
inability to move the upper extremity at all. 
Others may have the ability to flex or extend 
the arm at elbow or shoulder but an inability 
to use the hand. On the other hand, a few 
patients reveal only a very slight deficit in use 
of the hand, having perhaps a minimal clum- 
siness and weakness of the affected hand as 
compared with the normal, and again associ- 
ated with only minimal neurologic signs. Be- 
tween these extremes, however, there is a large 
number of patients who have some variable 
ability of use of the hand, though with ob- 
vious motor deficit, such as weakness, clumsi- 
ness, and slowness of movement. In this study 
Wwe are not concerned with the wide variations 
of disorder of posture and movement seen in 
a large series of infantile spastic hemiplegia, 
but are rather more concerned with elucidating 


some of the factors contributing to the grasp- 
ing deficit in that group of patients retaining 
some, although dovinedly deficient, use of the 
hand. 

A series of 25 patients was observed at the 
Joseph P. Kennedy Jr. Memorial Hospital. 
These patients all fell into the latter group of 
infantile spastic hemiplegics, and several gen- 
eral principles appeared to operate in causing 
the deficient use of the hand for grasping. 
These patients have all been considered edu- 
cable and rehabilitatable. They ranged in age 
from 11 months to 15 years. There were 13 
left hemiplegics and 12 right hemiplegics. 
Fifteen of the patients were boys and ten were 
girls. There were 13 cases of congenital hemi- 
plegia and 12 cases of hemiplegia acquired in 
the first few years of life. Of this group, five 
patients who were available for long-term in- 
patient study have been investigated intensive- 
ly. Of these five patients, there were three 
girls and two boys. 

Neurologic examination revealed obvious 
hemiparesis in these children, with far greater 
involvement of the upper extremity. The face 
was little involved, if at all. The hemiparetic 
extremities were rather smaller than normal. 
This smallness again was more pronounced in 
the upper extremity than in the lower. Hemi- 
plegia in all of these cases was spastic in 
nature and revealed slight to marked exag- 
geration of deep tendon reflexes on the affected 
side and an extensor plantar response. Being 
particularly concerned with the status of the 
upper extremity, we noted that spasticity was 
very slight or absent in the shoulder muscles 
and, when present, appeared in the retractors 
and adductors. .There was mild to moderate 
spasticity in the elbow flexors and mild to 
moderate spasticity in the wrist and finger 
flexors. The resting rosture of the upper ex- 
tremity was only slightly affected, there being 
a slight flexion of the elbow and retraction of 
the shoulder. The resting posture of the wrist 
was of slight flexion. The change in the rest- 


From the division of neurology, Joseph P. Kennedy Jr. 
Memorial Hosvital, ard the department of neurology, 
Tufts University Medical School, Boston, Massachusetts. 
Read at the ninth annual meeting of the American Acad- 
emy of Neurology, Boston, April 26, 1957. 
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ing posture of the affected upper extremity 
was most noticeable in the hand and was quite 
similar in all cases with a few variations. In 
all patients the fingers of the affected hand 
were flexed slightly more than those of the 
normal hand. However, in none of the patients 
was this flexion so marked as one sees in the 
severely spastic and paretic hand. Anomalies 
of posture were more prominent in the thumb, 
the thumb being generally adducted more than 
normal and the distal phalanx of the thumb 
being extended more. In one patient there was 
a slight extension of the proximal interphalan- 
geal joints of the fingers, but again approach- 
ing in no way the subluxation seen in certain 
severely spastic hands. Examination of sensa- 
tion revealed no deficit whatsoever in apprecia- 
tion of pin-prick in any of the patients. Posi- 
tion sense in the affected fingers was poor in 
two patients, but without clearly demonstra- 
ble extinction phenomena or disorder of tac- 
tile perception. The other patients revealed 
no abnormality of sensation and, indeed, the 
presence or absence of a sensory deficit did 
not affect any of the physiologic mechanisms 
to be described. A grasp reflex of the deep, 
pressing contact type, as described by Seyf- 
farth and Denny-Brown,! could not be ob- 
tained in any of the affected hands. Little if 
any diminution in power of willed movement 
was demonstrated in the shoulder or elbow 
muscles. However, strength of both flexion 
and extension was obviously impaired in the 
wrist and fingers, extensor movements being 
more impaired than flexor. These deficits will 
be detailed in another section of this paper. 


DESCRIPTION OF THE GRASPING DEFICIT 


From the onset a slowness of the act of 
grasping in the affected extremity was appar- 
ent. If the patient was given the command 
to grasp, there was a latent period from the 
time of command to the time of onset of reach- 
ing out to grasp, which was one to three sec- 
onds longer than that of the normal limb. This 
latent period could be detected even though 
the patient was not required to reach out, the 
object being kept in close proximity to the 
hand. Again, from the beginning of the grasp- 
ing act, the slowness of movement was strik- 
ing, not only in reaching out to grasp, but in 
actual flexing of the fingers around an object. 
This slowness of movement might not be ex- 
plained entirely by the presence of spasticity. 
Once the latent period had been overcome and 
the movement to reach out to grasp had com- 
menced, a rather striking ataxia was noted 


which again was variable in different patients, 
the variability being more of quantity than of 
quality. This ataxia was manifest as an over- 
extension® of fingers and occasionally of wrist 
as the hand reached out to grasp (figure 1). 
The extension of the fingers might be slight 
or it might be most pronounced, and could 
also be associated with slight or wide abduc- 
tion of the fingers. The extension of the fin- 
gers primarily was of the metacarpophalangeal 
joints, but there might also be strong extension 
of the interphalangeal joints. The thumb, 
which in the resting posture had been pri- 
marily in an adducted position, did not par- 
ticipate so markedly in this overextension phe- 
nomenon. On reaching out, the thumb could 
abduct slightly, but generally remained in an 
adducted position with slight to strong exten- 
sion of the distal phalanx. In several patients, 
however, there was strong extension and ab- 
duction of the thumb as the patient extended 
the affected limb to grasp. This variable over- 
extension of the fingers and occasionally of 
the wrist in the hemiparetic extremity was in 
marked contrast to that of the normal hand. 
As a normal hand reaches out to grasp an ob- 
ject, the fingers remain in a semi-flexed posi- 
tion, particularly at the interphalangeal joints, 
with only a slight extension and abduction. 
Associated with the overextension seen in the 
hemiparetic limb was a certain wavering ataxia 
of the limb which could not be related to 
weakness alone, since proximal muscle weak- 
ness could not be demonstrated. 

Further deficits were apparent once the ob- 
ject had been grasped. First of all, there was 
an obvious weakness of grasp, several aspects 
of which will be discussed later. This weak- 
ness appeared to have a rather peculiar quality 
in that it was not manifest as a gradual diminu- 
tion of strength of grip. Rather, one was im- 
pressed by a fluctuating or undulating change 
in the power of the grip. There was an ina- 
bility to sustain even a weak grasp over a long 
period of time, and in such an attempt this 
fluctuating quality of diminishing strength was 
striking. Certain manifestations of the weak- 
ness of the grip were seen in day-to-day activ- 
ities of the children, during which they would 
drop from the affected hand very light objects 
which should have been easily carried in the 
hand. 

Analysis of the posture of grasping revealed 
nothing striking in the hand itself, except that 
again the thumb often remained too adducted 


*Extension of fingers or wrist implies dorsiflexion of these 
parts 
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and the distal phalanx of the thumb remained 
extended rather than flexing around the object. 
The most striking feature of actual grasping, 
however, was seen in the reaction of the syner- 
gistic and fixating muscles during the process 
of grasping. When an object is grasped with 
a normal hand, as the fingers flex around the 
object, the wrist extensors act synergistically 
with the flexors of the fingers in order to fixate 
the wrist so as to enable an efficient grasp and 
one of maximal power. In a powerful normal 
grasp there is fixation of the elbow by contrac- 
tion of the biceps and triceps muscles. In in- 
fantile spastic hemiparesis a breakdown of this 
normal grasping mechanism was a striking fea- 
ture. There was lack of fixation of the wrist 
and apparently no synergistic action of the 
wrist extensors. Instead there occurred a 
strong flexion of the wrist as the fingers flexed 
to grasp an ye ery that is, there was syner- 
gistic flexion of the wrist occurring simulta- 
neously with the flexion of the fingers. It was 
further apparent that in infantile spastic hemi- 
paresis there was not the normal fixation at the 
elbow joint, but rather again a simultaneous 
flexion of the elbow occurring with the flexion 
of the wrist and fingers and also a slight flexion 
or retraction of the shoulder, particularly with 
effortful grasp (figure 2). It was clear then 
that the flexion of the fingers to grasp an object 
occurred as part of a flexor synergy of the 
upper extremity. It must be emphasized, how- 
ever, that there were variations in this response 
in different patients. Many patients revealed 
the entire flexor synergy as they ate an 
object with moderate power and revealed the 
synergy most strikingly if they produced a 
strong effort of grasping. However, if these 
same patients grasped with only slight power, 
the complete flexor synergy might not be evi- 
dent, but only the slight flexion of the wrist. 
Careful palpation revealed that there was a 
slight contraction of the biceps, but none of 
the triceps. Other patients revealed the re- 
sponse only in fragmentary form, as a slight 
flexion of the wrist accompanying the flexion 
of the fingers even under conditions of strong 
effort of grasping. In other patients and par- 
ticularly those who had been trained to con- 
sciously extend the wrist at the time of grasp- 
ing, one had the impression that the flexor 
synergy was not operative and that normal 
fixation of wrist occurred. However, if these 
patients were fatigued by repeated grasping, 
the flexion of the wrist occurred most strik- 
ingly and was occasionally associated with the 
entire flexor synergy of the upper extremity. 


Some evidence for the flexor synergy was 
found in every patient who retained some abil- 
ity of grasping in the hemiparetic extremity. 

The failure of wrist fixation in the spastic 
extremity and the strong synergistic flexion of 
the wrist which accompanied flexion of the 
fingers as they grasped an object immediately 
suggested one mechanism for weakness of 
grasping in the affected hand. Dynamometer 
studies of the grip in the affected extremities of 
these patients revealed diminution in strength 
to 20 to 30 per cent of normal when the pa- 
tient was allowed to grip the dynamometer in 
his usual manner. However, if the wrist was 
fixated artificially by splinting, the strength of 
grasp increased to 40 to 60 per cent of normal. 
Thus, some loss of strength was obviously re- 
lated to the mechanical disadvantage offered 
to the finger flexors by the synergistic flexion 
of the wrist and consequent loss of fixation of 
the wrist. A major part of the weakness then 
could be attributed directly to the breakdown 
of the normal mechanism for fixation of the 
wrist. 

It was clear that several features occurred 
most strikingly in the deficient grasping in in- 
fantile spastic hemiparesis aside from the slow- 
ness, clumsiness, and lack of dexterity in the 
affected hand. These features appeared to be 
primarily an ataxia manifested as an overexten- 
sion of fingers and occasionally of wrist as the 
hand reached out to grasp an object, and sec- 
ondly, a dissolution of the normal fixation of 
wrist and elbow as an object was gr . This 
fixation of wrist and elbow was replaced by 
flexion at these joints so that the ability of 
grasping in the affected limb was seen as part 
of a flexor synergy of the upper extremity. 


NATURE OF THE FLEXOR SYNERGY 


The lack of fixation of the wrist and elbow 
in the hemiparetic extremity and the replace- 
ment of this normal mechanism by a flexion of 
the wrist and occasionally of elbow and shoul- 
der appearing synergistically with the flexion 
of the fingers suggested some general principle 
operating in all these cases. This flexor synergy 
was identical to that which we described in 
19512 as a stage in recovery of motor function 
in adult hemiplegia. At that time we pointed 
out that the earliest return of finger flexion in 
the adult recovering from hemiplegia occurred 
as a part of a flexor synergy of the upper ex- 
tremity, and we related the flexor synergy to 
an elaboration of a reflex response, the traction 
response. The traction response consists of a 
flexion of wrist, elbow, and shoulder and slight 
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flexion of the fingers elicited reflexly by a 
strong passive abduction of the shoulder in 
order to stretch the adductor muscles of the 
shoulder. A striking feature of this response 
is the strong flexion of the wrist. 

The development of the traction response 
and its eventual elaboration into voluntary 
grasping in infantile spastic hemiparesis is 
illustrated in the following case: 

The patient was an 11 month old male infant 
who had developed normally prior to his present 
illness. He had begun to walk and talk and had 
already shown a marked preference for using the 
right hand, particularly for prehensile activity. He 
was seen in neurologic consultation on November 
19, 1954 because of continuing convulsions. Prior 
to the onset of convulsions the child had had a 
high fever and had been dehydrated for several 
days. When the child was first seen, the seizures 
had ceased and he evidenced a right flaccid hemi- 
plegia, with head and eyes deviated to the left. 
Reflexes on the right were increased and the right 
plantar response was extensor. A diagnosis of 
sagittal sinus thrombosis and thrombosis of the left 
cortical veins was made. On December 28, 1954 
the child was seen again. He was unable to stand 
or talk and he had a right spastic hemiplegia. At 
the time of this examination occasional flexions or 
extensions of the right arm and leg occurred if the 
child moved his head, either actively or as the ex- 
aminer moved it passively, and it was clear that 
the movements of these limbs were related to the 
tonic neck reflex. It was also noted that a passive 
stretch of the adductors of the right shoulder 
caused a weak synergistic flexion of the wrist, el- 
bow, and shoulder. There was at this time only a 
very slight, weak flexion of the fingers associated 
with this response. One month later the child was 
beginning to stand, but still did not use the right 
hand. However, a passive stretch of the right 
shoulder adductors caused a very facile synergistic 
strong flexion of the entire limb, in which response 
the flexion of the wrist to 90° was most prominent. 
Flexion of the fingers associated with this response 
was more powerful at this time. At another month 
interval the child was able to walk. He did not 
use the right hand spontaneously for grasping, but 
he could be persuaded to reach out with the right 
hand if the left one was restrained. He would fling 
the hand at an object and, if the fingers hooked 
over the object, they would flex around it. The 
child might be induced to carry an object, such 
as a lollipop, to his mouth. Flexion of the fingers 
for grasping occurred as part of a total flexor syn- 
ergy of the upper extremity. Since the time of 
this examination there has been continuing im- 
provement in the use of the right hand; however, 
there is still evidence of retention of the flexor 
synergy, and the synergistic movement itself can 
be facilitated by stretch of the shoulder adductors. 

In this patient it was concluded that the 
voluntary ability to grasp which returned was 


related to a learned adaptation of a reflex re- 
sponse, the traction response. Further analysis 
of our other patients revealed that their ability 
to grasp was an elaboration of this response. 

In most instances passive abduction of the 
affected shoulder so as to stretch the shoulder 
adductors caused little change in actual posi- 
tion of the elbow, wrist, and fingers of the 
affected extremity. That this maneuver did 
have some effect on the postural activity of the 
muscles of the affected extremity was appar- 
ent, however, and was easily demonstrated by 
comparing resistance to passive movement in 
the elbow, wrist, and finger flexors with the 
arm abducted at the shoulder and in the ad- 
ducted position at the side of the body. With 
the shoulder abducted so as to stretch the 
adductors there was a marked increase in re- 
sistance in the elbow, wrist, and finger flexors 
of the affected extremity. When the extremity 
was then placed in the adducted position, the 
resistance diminished markedly. A _ passive 
stretch of the shoulder adductors could also 
increase the power of grip. Thus, if, as the 
patient grasped the examiner's hand, the ex- 
aminer gave a strong pull on the hand so as 
to stretch the shoulder adductors, the power 
of grip was increased. 

Change in spasticity or in the power of grip 
could also be influenced by position of the 
head in relation to the body, or position of the 
body in relation to a bed or broad surface. 
Thus, in a right hemiparetic, for example, the 
strength of the grip in the right hand was in- 
creased and spasticity of the hand was in- 
creased as the patient turned his head so as 
to turn the face to the left. Strength of grip 
and spasticity decreased as the face turned to 
the right. In like manner if this patient were 
placed on the bed on his left side so that the 
right hemiparetic limb would be uppermost, 
strength of grip in this limb and _ spasticity 
were increased. If he lay on his right side so 
that the right hemiparetic limb was lowermost, 
strength of grip and spasticity decreased. 

Further evidence for synergistic reaction was 
clear when the patient was instructed to vol- 
untarily flex another segment of the limb, par- 
ticularly against resistance. If the patient was 
instructed to flex the elbow, it was noticed that 
the entire extremity flexed, that is, there oc- 
curred simultaneously flexion of the shoulder, 
wrist, and fingers along with the elbow. He 
could not produce flexion of the elbow as an 
isolated movement. Again, if the patient was 
instructed to flex only the wrist, he was unable 
to do this in an isolated fashion and such an 
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attempt caused associated flexion of fingers, 
elbow, and shoulder. It was clear that flexion 
synergy of the extremity was not related only 
to flexion of the fingers in a willed manner. 
These phenomena were variable. In some pa- 
tients, although an apparent isolated flexion 
of one joint of the extremity could be obtained 
without initiating the flexor synergy, the pre- 
dominant synergistic activity was evidenced if 
one carefully palpated the other muscles of 
the extremity, in which instance one could feel 


Fic. 1. Overextension and abduc- 
tion of fingers as hand approaches 
obj 


ject. 
Fic. 2. Two phases of flexor 
synergy. In lower photograph, 
effort of grasp has been increased. 
Fic. 3. Two phases of reaction 
of hand to contact stimulation 
of palm. 


simultaneous contraction of the other flexor 
muscles. 

In some children the traction response was 
not well enough develo to enable useful 
grasping with the hand. For example, one 
child with left hemiplegia did not use the 
hand voluntarily to grasp, but, with persuasion, 
he could fling the hand at an object and hook 
the fingers around it rather poorly, at which 
time the fingers would flex slightly and weakly 
only if the patient were instructed to flex the 
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elbow and shoulder. It was noted that the 
wrist, elbow, and shoulder flexed synergis- 
tically and that the fingers also joined in this 
synergy, but with too little power to enable a 
useful grasp. 

Children who did not reveal any evidence 
of the total flexor synergy or in whom a trac- 
tion response could not be elicited in any 
form were also unable to use the affected up- 
per limb for effective grasping. Some children 
did reveal some flexion and extension move- 
ments at proximal joints (probably as an adap- 
tation of the tonic neck reflex), but without 
any movement of wrist and fingers. Use of the 
hand for grasping never occurred in this 


group. 
NATURE OF THE OVEREXTENSION 
PHENOMENON 


As described earlier, all patients revealed 
some overextension of fingers and occasionally 
of wrist as the hand approached the object. 
In some cases the extension was more pro- 
nounced than in others and occasionally could 
be associated with marked abduction of fin- 
gers and thumb and extension of wrist. This 
posture was also present in the affected limb 
when the patient held both arms outstretched 
before him. Under such conditions a slight 
eversion of the hand in addition to the over- 
extension was apparent. It was clear, however, 
that some evidence of this response was pres- 
ent in all patients, and we were interested in 
establishing the nature of this response. 

That this extension was primarily related to 
an active extensor synergy of the extremity 
occurring as the arm extended to reach for an 
object was ruled out. First of all, the over- 
extension occurred whether the arm extended 
actively to grasp or not, for with the patient’s 
arm held close to the side and the object to 
be grasped in close proximity to the hand so 
that there would be no need for extensor move- 
ment of the arm to grasp the object, the ex- 
tension of the fingers still occurred as the ob- 
ject approached the hand and a careful palpa- 
tion of the muscles of the extremity saleeiied 
no evidence of activity in the proximal exten- 
sors. Secondly, if the patient merely extended 
the arm in front of him, the extensor response 
of the fingers did not occur. 

The identical response could be initiated 
without the patient’s voluntary effort by cer- 
tain contactual stimulation of the hand. For 
example, strong distally moving contact stim- 
nilation of the palm produced the identical re- 
sponse, that being extension of the fingers with 


or without abduction and with or without ex- 
tension of wrist (figure 3). In some patients 
slight abduction of thumb also occurred with 
this type of stimulus. Stimulation was more 
effective if delivered to the ulnar side of the 
hand, and in some patients the reflexive zone 
was limited to the ulnar side. However, in 
some patients the response could be elicited 
by similar stimulus to any part of the palm. 
In general, stimulation of the ulnar side caused 
slight eversion of the hand and stimulation of 
the radial side caused slight inversion. It was 
also noticed that, during the process of spon- 
taneous grasping and release of an object, some 
overextension of the fingers occurred at the 
time of release of the object if the object hap- 
pened to stroke the skin of the palm as it was 
released. Extension of the fingers as the hand 
reached out to grasp and the extension pro- 
duced by this contactual stimulus to the hand 
did not appear to be related to any sensory 
disorder. It occurred in all patients, regard- 
less of the presence or absence of sensation de- 
scribed ile, particularly position sense deficit 
and extinction phenomenon. Indeed, response 
was most striking in a child who revealed no 
evidence of sensory disorder whatever. 

It was interesting to note in these patients 
that, although voluntary extension of the wrist 
and fingers as a willed performance was ex- 
tremely weak and of short duration, the power 
of extension of fingers and occasionally of 
wrist as the hand reached out to grasp an 
object, or as produced reflexly by contactual 
stimulation, was far greater than that produced 
by voluntary effort of extension. 

It was also found that strength of grip or 
finger flexion could be influenced by simulta- 
neous contactual stimulation of the palm, as 
described above. Thus, it was found on dyna- 
mometer studies that the strength of finger 
flexion could be diminished 40 to 50 per cent 
by concomitant contactual stimulation of the 
palm as the patient evoked a willed flexion of 
the fingers. This phenomenon suggested an- 
other mechanism for weakness of grasp in 
these patients and particularly the fluctuating 
diminution in strength of grasp. It is clear that 
the object grasped can itself provide contac- 
tual stimulation to the skin of the palm which 
may, in turn, produce a movement of the fin- 
gers completely antagonistic to the movement 


required for grasping. 
DISCUSSION 


In infantile spastic hemiparesis the deficit in 
voluntary grasping is apparent from the very 
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onset of the voluntary effort in the slowness 
of the motor response and the latent period 
in initiating it. Further deficiencies then ap- 

ar as the action continues, for an obvious 
Bick of dexterity and clumsiness occurs as the 
hand approaches the object to be grasped. The 
fingers overextend and often abduct widely; 
this movement may be associated with exten- 
sion of the wrist. As the digits close around 
the object the wrist flexes, often acutely, and 
if the power of grip is increased, an associated 
flexion of elbow and shoulder may occur. 
There is an obvious weakness of the grasp 
which has a fluctuating quality. 

A detailed analysis of the action of the mus- 
cles utilized for grasping was made by Bee- 
vor.* He pointed out that, in grasping, all the 
flexor muscles of the fingers and thumb con- 
tract and the wrist extensors contract simul- 
taneously to fix the wrist. Beevor quoted an 
illuminating remark of Duchenne who stated, 
“that the synergic action of the extensors of 
the wrist is absolutely necessary to the flexion 
of the fingers, and the force of their contrac- 
tion is then proportional to the energy of this 
flexion.” 

Beevor further pointed out that, although 
for a weak grasp only the finger flexors and 
wrist extensors need contract, if a more pow- 
erful effort were made, other muscles also con- 
tracted, these being the flexors and extensors 
of the elbow and perhaps the shoulder muscles. 
He also noted in such instances during a pow- 
erful grasp that, although both biceps and tri- 
ceps contracted, the triceps contracted first. 

From his detailed studies of muscular action 
Beevor suggested a classification of muscles 
participating in any movement as: 1) prime 
movers, 2) synergic muscles, and 3) fixation 
muscles. For the act of frasping, therefore, 
the prime movers are the flexors of the fingers 
and thumb, the synergists the wrist extensors, 
and the fixators the biceps and triceps. 

A breakdown of this normal mechanism con- 
tributes significantly to the grasping deficit in 
infantile spastic hemiparesis. Disturbed func- 
tion is evident not only in the prime movers 
but also in the synergists and fixators. There 
is an obvious weakness and clumsiness affect- 
ing the prime movers, which we shall comment 
on later. More striking at this point, however, 
is the absence of normal contraction of the 
synergists (wrist extensors) and the fixators 
(elbow flexors and extensors), and a replace- 
ment of these responses by those of flexion of 
the wrist and of the elbow as part of a total 
flexor synergy of the hemiparetic limb. 


A similar upset of the normal 
synergists and fixators in the hemiparetic limb 
has been commented on by others.*> Foerster® 
discussed the synergistic flexion of the arm and 
the inability to isolate the various individual 
contributing movements after excision of the 
rolandic motor cortex in man. 

In 1951 we reported a study? concerning 
the return of motor function after hemiplegia 
in the adult and pointed out that the course 
of recovery took the form of a series of reflex 
changes, each accompanied by increasing abil- 
ity of willed movement. Simple segmental pro- 
prioceptive reflexes returned first and were 
eventually modified by stretch of the muscles 
concerned, tonic neck and body righting re- 
flexes. The first ability of willed finger flexion 
occurred as part of a total flexor synergy of 
the upper limb, the individual components of 
which could not be isolated by the patient at 
that particular stage in the recovery process. 
Prior to recovery of this ability for willed fin- 
ger flexion, flexion of the fingers as a part of 
a flexor synergy of the arm could be induced 
reflexly by strong traction on the limb so as to 
stretch the shoulder muscles. Such a maneu- 
ver then elicited (by virtue of increasing spas- 
ticity) simultaneous contraction of the shoul- 
der, elbow, wrist, and fingers. When the first 
weak ability of willed finger flexion had re- 
covered, it could be facilitated by this shoul- 
der stretching procedure and related proprio- 
ceptive mechanisms and could be facilitated 
or depressed by appropriate methods for elicit- 
ing the tonic neck or body righting reflex pat- 
terns. It was clear that the first ability of 
willed finger flexion was an adaptation of this 
reflex synergy. 

This reflexive response took the same form 
as one observed in the monkey with rolandic 
motor cortex or pyramid lesion and was named 
the “traction response.” Denny-Brown, Twitch- 
ell, and Saenz-Arroyo’ identified this response 
with the grasping of the thalamic animal, and 
Bieber and Fulton* demonstrated this response 
as a body righting reflex. The traction re- 
sponse, as shown previously, is distinct from 
the true grasp reflex,!:7 is initiated by passive 
stretch of the shoulder muscles, and can be 
obtained after cutaneous denervation of the 
limb. The monkey with area 4 or pyramid 
lesion soon learns to utilize this response for 
spontaneous grasping, projecting the arm and 
hooking the fingers around the object. 

The usual action of the wrist extensors as 
synergists and biceps and triceps as fixators is 
disrupted by virtue of operation of this flexor 


\- 

n 

~ 

it 

h 

it 


20 NEUROLOGY 


synergy. A striking feature of the response 
when fully developed is an acute wrist flexion. 
The substitution of flexion of the wrist for the 
normal fixation or slight extension certainly 
causes mechanical disadvantage and conse- 
quent weakness of grasp. 

It is clear that the ability for willed grasp- 
ing in the patients with infantile spastic hemi- 
paresis is an adaptation of the traction re- 
sponse. Its evolution into willed movement 
has been traced in the case cited, and in the 
other patients the flexor synergy took an iden- 
tical form and could itself be modified in like 
manner by appropriate stretch or by neck and 
body reflexes. Thus, it is clear that the ability 
for willed movement in these patients is re- 
lated to utilization of a subcortical mechanism 
and not the vicarious function of some other 
region in the cortex of the same or opposite 
hemisphere. 

The overextension of the fingers and occa- 
sionally the wrist as the hemiparetic hand ap- 
proached to grasp an object and the occasional 
overextension of fingers as the hands were 
held outstretched before the patient bear a 
marked similarity to a posture exhibited by 
patients with parietal lobe lesions, as pointed 
out by Denny-Brown and his co-workers.1°-!? 

In patients with parietal lobe lesions the 
arm opposite the side of the lesion — reveal 
curious abnormalities of posture. en the 
arms are outstretched the hand of this limb 
may evert and the fingers extend, and this 
movement may be facilitated by tactile stimu- 
lation of the hand or by the presence of an- 
other individual in the corresponding visual 
field such as to cause the whole limb to rise 
(levitation phenomenon). As the patient 
reaches out to grasp an object, the fingers over- 
extend in a manner similar to that reported 
here. 

Denny-Brown"18 has related the levitation 
phenomenon to the instinctive avoiding reac- 
tions occurring in the limb opposite parietal 
lobe lesion in the monkey. The avoiding re- 
actions can be elicited either by visual or tac- 
tile stimuli and consist of a flexion of the limb 
away from the stimulus. 

We have been particularly interested in the 
description by Denny-Brown and Chambers!” 
of the tactile avoiding reaction occurring in re- 
sponse to contactual stimulation of the palms. 
When facile this consists of an initial extension 
of the fingers, followed by a flexion of the fin- 
gers and supination of the wrist. This reaction 
is then followed by a flexion of the limb at all 
joints so as to fold the hand away from the 


stimulus. A more delicate form of response 
consists of an extension of the fingers and 
wrist with inversion or eversion, depending on 
the side of the palm stimulated. 

Although the avoiding reaction has been 
most prominent after parietal cortex lesions in 
the monkey, it can fx be demonstrated fol- 
lowing area 4 ablation in the monkey, taking 
the form of slight extension of the fingers. 

We would identify the initial overextension 
of the fingers in the patient with infantile spas- 
tic hemiparesis with the avoiding reaction. The 
response in our patients assumed an identical 
form and could be initiated or facilitated by 
contactual stimulation of the palm. We could 
not demonstrate any visual facilitation. 

Denny-Brown'® has pointed out the over- 
emphasis on the flexor phase of movement in- 
duced by the avoiding response and proposed 
this as a major factor in parietal lobe apraxia, 
pointing out that deficit in position sense does 
not always occur. We have also found this 
response to be facile in our patients, even 
when a sensory deficit could not be demon- 
strated, and it appears that this reaction may 
also be significant for the ataxia of the hemi- 
paretic limb which itself is most prominent in 
movements of extension. We have previously 
commented on the probable role of the avoid- 
ing response in contributing to weakness of 
grasp. We would further suggest overactivity 
of this response as contributing to the latency 
preceding the onset of grasping. 

In our previous study documenting the 
events in recovery from hemiplegia,” it was 
pointed out that, if recovery of willed move- 
ment proceeded beyond the flexor synergy, 
then the predominate proprioceptive responses 
changed due to conditioning by contactual 
mechanisms. Thus, if the grasp reflex (a sub- 
cortical response) returned, spasticity not only 
diminished but power and dexterity of willed 
movement increased. Isolated movements of 
the digits and finger-thumb opposition, pre- 
viously impossible as a willed response, were 
restored. 

Full recovery could not occur unless the 
mechanism for the elaborate cortical response, 
the instinctive grasp reaction, was intact. Nev- 
ertheless, the degree of recovery associated 
with return of the grasp reflex was so remark- 
able that the failure of this response in in- 
fantile spastic hemiparesis assumes considera- 
ble importance. 

Further understanding of these problems 
has recently been provided by Denny-Brown"® 
who has demonstrated that the cortical in- 
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stinctive grasping reactions and instinctive 
avoiding reactions are in equilibrium and that 
a lesion abolishing one allows the other to be- 
come overactive (transcortical release). Thus, 
a frontal lesion may abolish avoiding and re- 
lease grasping, while a parietal lesion causes 
the opposite effect. 

Such an analysis provides further under- 
standing of the deficit following lesion of the 
rolandic motor cortex. Ablation of this cortex 
abolishes the instinctive grasp reaction and 
allows subcortical release in the form of spas- 
ticity (traction response). Transcortical release 
is seen as overactivity of the avoiding response. 
Curiously, the subcortical grasp me is also 
impossible or extremely difficult to obtain fol- 
lowing a rolandic lesion, although it is clear 
that the mechanism is intact for, with strong 
stimulus, it may be obtained. Denny-Brown 
regards the overactivity of the avoiding re- 
sponse as responsible for the failure of the 
grasp reflex and explains the paradoxical im- 
provement in infantile spastic hemiplegia fol- 
lowing hemispherectomy as the result of abo- 
lition of the avoiding mechanism and conse- 
quent recovery of the grasp reflex. 
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In man these changes are better demon- 
strated in hemiparetic children than in adults. 
Subcortical release is evident in both as spas- 
ticity (often elaborated into the traction re- 
sponse). Transcortical release as the avoiding 
reaction is more easily demonstrated in chil- 
dren, — its features may be seen in 
fragmentary form in the adult. 


CONCLUSION 


The ability for voluntary grasping in infan- 
tile spastic hemiparesis results from a learned 
adaptation of the traction response as a flexor 
synergy of the upper limb. The synergistic 
flexion of wrist and elbow, however, ccntrib- 
utes to deficient power of grasping, owing to 
the mechanical disadvantage interposed by 
such flexion. 

There also occurs a slowness and loss of 
dexterity related to overactivity of the avoid- 
ing response, manifest as an initial extension 
of fingers and wrist as the hand approaches to 
grasp an object. This factor may also induce 
further weakness as the object grasped pro- 
vides contactual stimulus for an antagonistic 
response. 
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Effects of Brainstem Lesions on 


Optokinetic Nystagmus in Monkeys 


P. Teng, M.D., S. Shanzer, M.D.*° and M. B. Bender, M.D. 


OPTOKINETIC NYSTAGMUS is a phenomenon 
which is brought about through a visual stim- 
ulus and oculomotor effect. The nervous sys- 
tem substrate for this phenomenon must be 
the optic nerve for the input and the oculo- 
motor nerves for the output. However, the 
internuncial connections tween the input 
and output are not well known. Spiegel,’ who 
reviewed the subject of optokinetic nystagmus 
in detail, refers to his own work and to that 
of others and concludes that “optokinetic nys- 
tagmus is a reflex actuated by way of the cere- 
bral cortex . . . . the afferent limb is consti- 
tuted by the corticopetal optic pathway, the 
efferent limb by the . . cortico-fugal fibers 
proceeding from the optomotor zone of the 
— lobe.” Stenvers? postulated that the 
optokinetic response is a cerebral reflex sub- 
served partly by a path between the calcarine 
region and the frontal lobe. The clinical ob- 
servations of Fox and Holmes* tend to support 
Stenvers’ hypothesis that “reflex centers” for 
optokinetic nystagmus lie in the occipital lobe 
and the second frontal convolution and that 
these are connected by a “reflex path” which 
runs through the white matter of the hemi- 
sphere. Others have indicated that optokinetic 
nystagmus is essentially a brainstem reflex. 
Dix, Hallpike, and Harrison* emphasized the 
independence of the optokinetic nystagmus of 
the vestibular nuclei. Spiegel,| who had a 
broader concept, stated that the brainstem 
participated in optokinetic nystagmus and that 
impulses coming from the occipital lobe pro- 
jected into the median longitudinal fasciculus. 
Strauss® discussed the element of “visual at- 
tention” in production and abolition of nystag- 
mus. In recent papers Carmichael, Dix, and 
Hallpike® and Enoksson’ considered the effect 
of cerebral lesions on optokinetic nystagmus. 
Rademaker® brought forth the hypothesis of 
a “feedback” penn: sae From these varyin 

— it is obvious that the anatomic a 

physiologic basis for this phenomenon is still 
not clear. The purpose of this communication 
is to present data which may give us more in- 
formation on the pathways in the brainstem 
which mediate the impulses involved in opto- 
kinetic nystagmus. The method employed was 
to make electrolytic lesions in the brainstem 
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and note the effect on the opticomotor re- 
sponse in monkeys. 


METHOD AND MATERIAL 


Fifty-seven adult monkeys (Macaca Mu- 
latta) were used in this study. Before the 
electrocoagulation lesion was made each ani- 
mal was examined neurologically for eye move- 
ments. Special examinations were performed, 
such as Barany rotation tests, cold water stim- 
ulation of ear canal, and optokinetic stimula- 
tion induced by a rotating striped drum. 

Operations were performed with the aid of 
stereotaxic instruments under Nembutal anes- 
thesia, 30 mg. per kg. of body weight. Using 
sterile technic, a trephine opening was made 
over the midline vertex between the ears. A 
bipolar electrode was lowered into the brain- 
stem through a Horsley-Clarke stereotaxic in- 
strument. Electrolytic lesions were made in 
specific regions of the brainstem determined 
by previous electrostimulation studies. The 
coagulation was made through a DC coagu- 
lator, using a current of 4 ma. for one minute. 

the animals were examined 
repeatedly and tested as mentioned above. 
The oculomotor responses (nystagmus) were 
recorded through an eight-channel electroen- 
cephalograph with three gramophone needle 
electrodes inserted in the skin, one in each 
anterior temporal region just lateral to the ex- 
ternal canthus and one over the bridge of the 
nose between the eyes.®1° 

To evoke the optokinetic nystagmus, the 
monkey was pla within the center of a 
large rotating cylinder 24 inches in height and 
36 inches in diameter. This cylinder was con- 
structed of Moldrite, a white, translucent plas- 
tic with a matted surface. At intervals of 13% 
inches along the inside surface of the cylinder 
there were Black stripes one inch in width and 
as high as the drum itself. In all, there were 
eight black stripes which appeared as the fig- 
ure against a white background. The top of 
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the cylinder was closed by a darkly stained 
piece ‘of wood which had a source of illumina- 
tion at its exact center, thereby lighting the 
inner surface of the cylinder evenly at any 
given level. An outside rim drive allowed the 
entire apparatus to be rotated about its ver- 
tical axis. The speed of rotation was kept con- 
stant by a servo-controlled motor which could 
turn the cylinder in either direction at any 
s up to 60 revolutions per minute. The 

irection of rotation in front of the monkey 
will be indicated by R-L for right to left and 
L-R for left to right. 
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The monkey was placed in a restraining box 
in a seated position, with the head straight 
forward and slightly d dorsiflexed. This box was 
put inside the cylinder along the center of 
rotation in such a way that the monkey's field 
of vision was entirely filled by the inner sur- 
face of the drum. The source of light was di- 
rectly overhead and therefore was invisible 
and did not project a shadow into the field of 
vision. The optokinetic nystagmus was indi- 
rectly with the electroencephalograph 
by recording changes in the resting corneo- 
retinal potential produced by movement of the 
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35 before and after a lesion was made in the left 


Fic. 1. Changes in optokinetic nyst in 
paramedian zone reticular formation of the pons 
I. Preoperative optokinetic nystagmus illustrated 


lectr ically. Test made on October 7, 1954. 


Control study. Sharp upward rise indicates jerk to the right, me oy ry downward deflection indicates jerk to 
the left. Drum rotated at 14 r.p.m. or 112 stripes per minute. A. Right to left rotation. A’. Left to right 


rotation. 


II. Postoperative optokinetic test made on October 20, 1954 or 13 days after an electrolytic lesion was made. 


The speed of 
right drum rotation—no 


drum rotation was as before. A. Right to left drum normal A’. 
ptoki Test made on twenty-third postoperative “day: B. Ri 


left drum rotation—normal response. B’. Left to right drum rotation—revealed an irregular and d Eatve 


optokinetic nystagmus. Test on fifty-first saps ar reed day: C. Right to left drum rotation. C’. 


Left to 
Similar result was obtained with slower 


right drum rotation disclosed a rapid and fine 


speed of rotation. Test on eighty-sixth postoperaive day: D. Right to left rotation. D’. As in C’. 
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eyeballs. To correlate the rate of drum rota- 
tion with the optokinetic nystagmus thus in- 
duced, a photoelectric cell was fixed outside 
the drum. The moving black stripes deactivat- 
ed the cell and marked the rate of drum ro- 
tation. 

Anatomic studies were made at scheduled 
intervals. The animals were sacrificed under 
general anesthesia. The brain, including the 
brainstem, was removed and fixed in 20 per 
cent formalin. A block of tissue, which in- 
cluded the whole brainstem, was cut serially 
after it had been embedded in paraffin or 
celloidin. Each section was 25 microns in 
thickness and each tenth to eleventh section 
was stained by the Weil method. 


RESULTS 


In each of the 57 animals used in this study, 
the preoperative optokinetic test showed a 
normal and symmetrical response in either di- 
rection of drum rotation. The quick and slow 
components can be readily identified in the 
electrooculogram (figure 1). In the R-L rota- 
tion the quick component was to the right and 
illustrated in the electrooculogram by a sharp 
rise in the curve. In the L-R rotation the 
eyes jerked to the left, illustrated by a sharp 
downward deflection. In none of these 57 
animals was the optokinetic nystagmus absent 
or defective in the preoperative test. The re- 
sponses were regular aan rhythmic and could 
be obtained at speeds from 7 to 14 r.p.m. 

In the postoperative state there were two 
types of defects: 

1. Complete loss or impairment of opto- 
kinetic nystagmus on ipsilateral rotation. There 
were 24 monkeys in this group. In all of these 
animals anatomic studies revealed the lesion 
to be primarily in the paramedian zone of the 
reticular formation. This zone extended from 
the caudal end of the midbrain into the pons 
and was situated ventral to the median longi- 
tudinal fasciculus, dorsal to the dorsal fibers 
of the trapezoid body, and within 3 mm. from 
the median raphe. In some animals the lesion 
destroyed not only the reticular formation but 
also part of other adjacent structures. In some 
the tectospinal tract was injured. In others 
the adjacent medial longitudinal fasciculus was 
partly damaged; the structure damaged de- 
pended upon the location of the lesion in the 
dorsoventral dimension of the brainstem. The 
size of the lesions varied from 1% mm. in 
diameter to 4 by 2 by 3.5 mm. (figure 2). 
The major lesion, however, was in the reticular 
formation. In fact, it was this lesion which 


Fic. 2. Myelin sheath stain of section of brainstem 
cut in the plane of the stereotaxic instrument. The 
needle track is seen to pass through the central gray 


matter. The electrolytic lesion is in the left para- 
median zone situated above the fibers of the abdu- 
cens nerve. 


produced the greatest disturbance in oculo- 
motor function, manifested by paralysis of ipsi- 
lateral conjugate gaze and defects in the opto- 
kinetic response. Following an electrocoagu- 
lative lesion made in the paramedian reticular 
formation of the pons, there was paralysis of 
ipsilateral gaze.11_ If any movement returned, 
there was either a loss or defect in the opto- 
kinetic response. Twelve animals lost the opto- 
kinetic response in one direction, one in both 
directions of drum rotation, and in 11 monkeys 
optokinetic nystagmus was present but defec- 
tive on the side of the lesion. By defective 
response we mean that the optokinetic nystag- 
mus was irregular and arrhythmic as recorded 
on the electrooculogram. The absence of opto- 
kinetic response was always in the direction 
of rotation from the side of the lesion in the 
brainstem. That is, if the lesion was on the left 
side of the pons, the L-R rotation would re- 
sult in either defective or no optokinetic nys- 
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tagmus. Rotation of the drum from the side 
opposite to the pontine lesion resulted in nor- 
mal optokinetic response in every instance. 

In eight monkeys loss of optokinetic nystag- 
mus was considered permanent throughout the 
survival period from 33 to 480 days. One 
animal, in whom the lesion extended across 
the midline and involved both sides of the 
aramedian zone of the brainstem, showed a 
le of optokinetic response in both directions 
of drum rotation. This monkey died on the 
fourth postoperative day. Another animal who 
showed a loss of optokinetic nystagmus in one 
direction died on the third postoperative day. 
In five monkeys the loss of optokinetic nystag- 
mus was transitory, lasted two to 45 days, and 
thereafter became permanently defective. Two 
other monkeys showed no loss of optokinetic 
response but had a defective response in one 
direction of rotation for a survival period of 
13 and 28 days, respectively. 

The abnormal optokinetic responses were 
associated with paralysis or paresis of ipsilat- 
eral conjugate horizontal gaze in 15 monkeys. 
In each of these animals there was a defect 
of gaze to the side of the pontine lesion and 
the eyes were deviated to the 
opposite side. Eight monkeys had a perma- 
nent paresis of —— gaze, with a com- 
plete loss of optokinetic nystagmus. In seven 
monkeys the paresis of conjugate lateral gaze 
was transitory. With this there was an asso- 
ciated loss of optokinetic nystagmus. As the 
paresis of conjugate gaze lessened, the opto- 
kinetic nystagmus reappeared but remained 
persistently defective throughout the survival 
period of each animal. 

In nine monkeys with a lesion in the left 
side of the brainstem 1 to 3 mm. lateral to 
the midline, there was no paralysis of ocular 
deviation. Nevertheless, the optokinetic re- 
sponse was found to be defective in eight 
monkeys. This defect was apparent during 
L-R rotation. In another monkey the opto- 
kinetic response was abnormally fast. Despite 
variation in speeds in the rotation of the drum 
(L-R), the nystagmus was of a uniformly fast 
rate. Rotation of the drum in the opposite or 
R-L direction elicited a normal response in 
all of the animals. 

2° Complete loss or impairment of opto- 
kinetic nystagmus on contralateral rotation. 
There were seven monkeys in this group. In 
two monkeys the electrolytic lesion in the pre- 
tectal region produced complete but transient 
contralateral loss of optokinetic nystagmus. 
When the lesion was made on the left, R-L 
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rotation produced no response, while L-R ro- 
tation resulted in normal optokinetic nystag- 
mus. In both of these animals there was subse- 
quent lessening of the optokinetic nystagmus 
defect. Five monkeys showed a persistently 
defective optokinetic nystagmus of poor ampli- 
tude, although this was never completely abol- 
ished during the period of observation. One 
of the monkeys showed paralysis of contralat- 
eral horizontal gaze. The other four monkeys 
avoided looking to the side opposite to the 
lesion. 

Lesions of brainstem with neither paresis of 
gaze nor optokinetic defect. In 26 monkeys 
a lesion, varying from 2 to 5 mm. in diameter, 
was made in the brainstem other than in the 
paramedian zone. None of these showed a 
paresis of lateral gaze or any defect in the 
optokinetic response. The lesions in this series 
were deliberately made in different regions of 
the brainstem, such as the colliculi, central 
gray matter, reticular formation of the me- 
dulla, brachium conjunctivum, medial lemnis- 
cus, basis pontis, and the tectospinal tract. 
Several lesions were placed in the vestibular 
nuclei, but the results have not yet been eval- 
uated. 


DISCUSSION 


From the foregoing results one may con- 
clude that lesions in specific areas of the teg- 
mentum of the brainstem interfere with im- 
pulses for optokinetic nystagmus as well as for 
ocular deviations. Conversely, it may be as- 
sumed that 1) the afferent visual impulses 
reaching the central visual areas, such as the 
occipital lobe, are then transmitted along path- 
ways projected into the brainstem in a de- 
scending ‘lirection, and 2) impulses arising 
from areas of the cerebrum other than the 
visual (that is, rostral to the occipital lobe, for 
there are well preserved ocular deviations in 
monkeys after complete bilateral occipital 
lobectomies) also descend and project into the 
tegmentum of the brainstem. Consequently, it 
would appear that there are at least two oculo- 
motor pathways which project from the cere- 
bral cortex into the paramedian zone of the 
tegmentum of the brainstem. Since each of 
these pathways subserves an oculomotor ef- 
fect, one would be tempted to explain the abo- 
lition or lessening of the optokinetic response, 
even though the power of ocular deviation 
seemed to be well preserved, on the basis of 
separate pathways subserving different func- 
tions. This is a false assumption. If there 
were different pathways for specific functions, 
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one would also expect to find the converse of 
our observations, namely a loss of ocular devia- 
tion and preservation of the optokinetic nys- 
tagmus. This was never observed in our series. 
Single discrete lesions made in different regions 
of the paramedian zone never resulted in a 
defect or paralysis of conjugate deviation with- 
out a concomitant loss or defect in optokinetic 
nystagmus. As already stated, paralysis of gaze 
was always accompanied by a loss of opto- 
kinetic nystagmus. This impairment in opto- 
kinetic response persisted long after the power 
of ocular deviation returned. From the fore- 
going it would appear that an alteration in 
the optokinetic effect is an expression of de- 
fect in ocular deviation. 

The question which arises from the above 
considerations is, at what point do the fiber 
pathways originating in the frontal and occipi- 
tal lobes merge and integrate into one system? 
Does this take place in the internal capsules, 
pretectum, or the brainstem? The merging of 
these pathways and a of function 
may occur in the reticular formation itself 
where there are numerous ganglion cells and 
fiber networks. It is probable that integration 
of oculomotor function also takes place at this 
level, since lesions in the paramedian zone in- 
terrupt oculomotor deviation, eye centering, 
and optokinetic nystagmus. It would appear 
from the foregoing studies that the paramedian 
zone is a crucial structure in the mediation of 
oculomotor impulses. We did not find that 
lesions of the median longitudinal fasciculus 
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alone resulted in defects in conjugate ocular 
gaze or optokinetic nystagmus. 


SUMMARY 


1. The optokinetic responses of 57 mon- 
keys were studied before and after electro- 
lytic lesions were made throughout various 
regions of the brainstem. Each monkey had 
only one lesion. 


2. A small lesion made in the paramedian 
zone (1 to 2 mm. from the midline) of the 
tegmentum of the brainstem, particularly the 
pons, causes an enduring paralysis of ipsilateral 
horizontal ocular deviation. There is also a 
complete loss of optokinetic nystagmus when 
the drum is rotated from the side of the lesion 
to the center of gaze. Lesions made in the 
more ventral portions of the paramedian zone 
near the basis pontis may result in transitory 
changes in the optokinetic nystagmus without 
concomitant paresis of ipsilateral horizontal 
eye movement. 


3. Lesions in the pretectal region may cause 
loss or impairment of optokinetic nystagmus 
on the side opposite the lesion. This may or 
may not be associated with paresis of contra- 
lateral horizontal conjugate gaze. 


4. The impulses for optokinetic nystagmus 
and for spontaneous deviation of eyes are me- 
diated through a common or identical descend- 
ing pathways through the brainstem. Defect 
in optokinetic response always accompanies 
defect in conjugate ocular gaze. 
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Arteriographic Demonstration of Collateral 


Circulation in Cerebrovascular Disease 


Gerard M. Lehrer, M.D. 


ALTHOUGH the existence of collateral systems 
in the cerebral circulation other than the circle 
of Willis has long been known, their functional 
significance in maintaining the blood supply 
to the brain in thrombotic or embolic pe - 
sion of major arterial trunks is not entirely 
clear. These connections have been described 
in the literature of the last century. Lewan- 
dowsky mentioned “massive and extensive anas- 
tomoses of the pial vessels.”1 Van der Eecken 
and Adams* in postmortem anatomic studies 
demonstrated not only the almost constant 
— of these anastomoses in the normal 
rain, but also found evidence of their signifi- 
cance in occlusion of major branches of the 
circle of Willis. The standard texts of anatomy 
mention anastomoses between branches of the 
ophthalmic artery and the external carotid. 
These have recently been reviewed* and their 
possible functional importance has been em- 
phasized.5-"!. Only relatively recently have 
reports of sporadic arterjographic demonstra- 
tions of such collateral pathways in the living 
patient found their way into the literature. 
Essentially two types of anastomotic systems 
have been described: 1) between the branches 
of the three major cerebral arteries on the 
surface of the brain,!2-18 and 2) between 
branches of the external carotid and ophthal- 
mic arteries.!°-27 Krayenbuehl and Richter?* 
claim two cases in which they demonstrate 
anastomoses between muscular branches of the 
occipital and vertebral arteries; however, the 
roentgenographic appearance in their illus- 
trations may well be that of reflux from the 
common carotid into the vertebral artery. 

We have recently had the opportunity to 
observe three patients with major vascular 
occlusions, in whom the existence of these 
shunts could be clearly demonstrated in serial 
carotid arteriograms. They are reported at 
this time in order to reemphasize the role of 
serial arteriography in the study of occlusive 
cerebrovascular disease. 


CASE REPORTS 


Case 1. A 45 year old man had no previous 
history of vascular disease. Following about 12 
hours of premonitory symptoms consisting of head- 
ache and flashes of light in the right eye, the pa- 


tient suddenly developed left hemiplegia. On ex- 
amination the patient complained of severe right- 
sided headache. He was Diecteatel. unattentive, 
and drowsy. There was complete left hemiplegia, 
hemianesthesia, and left homonymous hemianopsia. 
The cerebrospinal fluid contained 10 white cells 
and 160 crenated red blood cells. An electroen- 
cephalogram showed severe right-sided and left 
anterior slowing. Skull roentgenograms revealed 
the pineal to be shifted 1 cm. to the left of the 
midline. The patient continued to show marked 
fluctuations in his state of consciousness for five 
days, but he was oriented when roused. Thereafter 
the mental status cleared rapidly, and over the next 
four weeks there was progressive clearing of sen- 
sory function and the hemianopsia, as well as par- 
tial return of motor function. 

Right carotid arteriograms were 
performed on the third day and one month after 
onset of symptoms. In the first arteriogram (figure 
1) in the lateral view, only the anterior cerebral 
artery is seen to be filled in the early phases. In 
the later phases the anterior and insular branches 
of the middle cerebral artery can be seen to fill in 
a retrograde fashion. In the anteroposterior view 
(figure 2) the origin of the middle cerebral artery 
is not visualized and appears to be occluded. The 
retrograde filling of the branches of the middle 
cerebral artery is again demonstrated. The an- 
terior cerebral artery is shifted 1 cm. across the 
midline, probably due to cerebral edema. 

In the second arteriogram, performed about 
three and a half weeks later, the arteries are seen 
to be filled in their usual fashion and the arterio- 
gram appears normal in every respect (figure 3). 
The anterior cerebral artery and the pineal gland 
have returned to their midline positions. No evi- 
dence of the previous occlusion can be found. Ex- 
planation of the reestablishment of the circulation 
is open to speculation. 

Case 2. A 77 year old man in good general 
health seven months prior to admission to the hos- 
pital experienced an episode of sudden hazing of 
vision in the left eye which lasted five minutes and 
cleared completely without recurrence. During the 
four weeks sa, Aa his admission the patient ex- 
perienced 12 to 15 episodes of shaking of the right 
lower extremity and weakness in the right knee 
lasting about 30 to 60 seconds; the weakness 
cleared within about 15 minutes. —— the 
last of these, the patient noted numbness of the 
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Fic. 1. Case 1. Right carotid arteriogram three days after onset of symptoms. A, B, C, and D are serial ex- 
posures made 3, 4, 5, and 6 seconds after injection of 10 cc. of Hypaque over the course of one second. 


Fic. 2. Case 1. Anteroposterior view taken at the same time as figure 1. A and B were exposed 3 and 6 
seconds after /njection. 
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Fic. 3. Case 1. Right carotid arteriogram one month after onset of symptoms. A and B are lateral and 
after injecti 


anteroposterior views taken 3 d 


Fic. 4. Case 2. Left carotid arteriogram. A, B, and C are serial exposures made 3, 4, and 5 seconds after 
injection of 8 cc. of Hypaque. D is a single exposure in the lateral view during injection of 4 cc. ot 


Hypaque. 


right foot and loss of sensation of position, as well 
as weakness in the right lower extremity. Neuro- 
logic examination revealed only minimal weakness 
of the right lower extremity and minimal decrease 


of position sense in the toes on the right. These 
findings gradually cleared over the course of the 
succeeding week. The left carotid pulse was some- 
what less forceful than the right. Electroenceph- 
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alogram was normal. The cerebrospinal fluid con- 
tained two cells and protein of 110 mg. per cent. 

A left percutaneous carotid arteriogram was per- 
formed and revealed filling of the external carotid 
system (figure 4 A, B, and C). The carotid syphon 
may be seen to fill by way of the ophthalmic artery 
in a retrograde fashion. In serial films the flow of 
contrast medium can be traced from the anterior 
branch of the superficial temporal artery, through 
its frontal ramifications into anastomotic branches 
of the lacrymal artery, and thence into the oph- 
thalmic artery. The subclinoid portion of the in- 
ternal carotid artery is seen to di in a retrograde 
fashion and appears markedly narrowed. The mid- 
dle cerebral artery is well filled and appears nor- 
mal. The anterior cerebral artery is not made out; 
it is likely that it derives most of its blood supply 
from the opposite internal carotid artery by way 
of the anterior communicating. A view of the ca- 
rotid artery in the neck (figure 4D) shows the point 
of the needle in what appears to be the common 
carotid artery. The carotid bulb is distal to the 
insertion of the needle and a small irregularity may 
be seen in its posterior, upper portion, which is 
presumed to mark the origin of the thrombosed 
internal carotid. A pneumoencephalogram showed 
moderate dilatation of both lateral ventricles, 
slightly more pronounced on the left. 

Case 3. A 70 year old left-handed woman ex- 
perienced sudden onset of left-sided weakness and 
speech disturbance seven weeks prior to her ad- 
mission to the hospital. She recovered in one week 
with mild residual weakness. Four weeks before 
admission the patient experienced sudden increase 
in weakness, again followed by partial recovery. 
The past history revealed generalized arteriosclero- 
sis and anginal syndrome. On neurologic examina- 
tion there was mild left hemiparesis, more marked 
in the upper extremity, without disturbances in 
speech or mentation. On her third hospital day 
the patient was found on the floor of her room, 


apparently having Yap out of bed to go to the 
bathroom. She had a severe left hemiparesis and 
motor aphasia, but was able to obey commands. 
Later that day she had left hemiplegia, with a left 
hemisensory sydrome and left homonymous he- 
mianopsia. Segmental reflexes as well as Babinski 
and Hoffman signs could be elicited on the left. 
A slightly traumatic lumbar puncture showed the 
cerebrospinal fluid to contain three white cells, 
92 red Blood cells, and a protein of 28 mg. per 
cent. An electroencephalogram on the second hos- 
pital day (prior to the severe episode) revealed 
symmetric six-per-second bursts of slow activity. 
Over the next four days the patient showed marked 
fluctuations in her state of consciousness and had 
to be given intravenous fluids because of difficulty 
in taking food. Thereafter the patient improved 
somewhat, becoming more alert and eating solid 
foods. Mild aphasia and hemiplegia persisted. 

A right percutaneous carotid arteriogram was 
performed on the fourth day after the acute epi- 
sode (figures 5 and 6). The external carotid artery 
and its , nese are well filled. The internal ca- 
rotid artery is not visualized and the carotid sy- 
phon cannot be seen proximal to the point of origin 
of the ophthalmic artery. The flow of contrast sub- 
stance can be traced from the internal maxillary 
artery into a large deep anterior temporal artery 
which appears to anastomose directly with the lac- 
rymal artery, through the latter into the ophthal- 
mic artery, and thence into the carotid syphon. 
This is most clearly seen in the anteroposterior 
projection. In this case the anterior cerebral artery 
is well filled, whereas only a few branches of the 
middle cerebral artery can be seen (figure 6). The 
origin of the latter appears to be partly occluded. 
The large, well defined anastomotic pathway 
would appear to indicate prolonged preexistence 
of the internal carotid thrombosis. We may specu- 
late that the severe episode, and probably also the 
minor episodes, may have been due to emboliza- 


Fic. 5. Case 3. Right carotid arteriogram, anteroposterior view. A and B were exposed 2 and 4 seconds 
after injection of contrast material. 
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tion of branches of the middle cerebral artery by 


thrombi originating from extension of the throm- 
bus in the pre-ophthalmic portion of the carotid 
syphon. 


SUMMARY 


Three cases have been presented, one in 
which the functional existence of pial anas- 
tomoses between the anterior and middle cere- 
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Fic. 6. Case 3. Lateral view taken at the same time 
as figure 5. A, B, and C were exposed 1, 3, and 6 
seconds after injection. 

bral arteries was shown, and two in which 
anastomotic pathways were demonstrated by 
means of serial arteriograms between the ex- 
ternal and internal carotid system. Such ar- 
teriographic demonstrations of collateral cere- 
bral circulation in occlusive cerebrovascular 
disease in the current literature were surveyed. 
The clinical pictures appear to indicate that 
these collateral pathways form an important 
contribution to the cerebral blood supply in the 
patients presented. However, the number of 
well documented cases at this time is not suf- 
ficiently large to permit any conclusions as to 
the prognostic or clinical significance of the 
demonstrability of collateral circulation by ar- 
teriographic means. An extensive study of 
clinical-arteriographic correlations in patients 
with occlusive cerebrovascular disease appears 
indicated. 
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lexy mentioned by authors, are very nu- 
ady given in the description of morbid 


appearances found within the cranium on dissection. They are chiefly blood; serum; 
tumours; hydatids; polypous concretions; ossifications; exostoses; and various le- 
sions of the brain. These causes are said to act by producing pressure on the brain, 


which is sup 


sed to be the most common immediate cause of the disease; and they 


may be divided into such as act quickly and powerfully, and those which act more 
gradually and feebly, in producing this pressure; the degree and the duration of 
the disease, being proportioned to the degree and duration of the pressure. In the 
strong sudden apoplexy, attended with stertorous breathing, the exciting cause is, 
I believe, almost always, an effusion of blood, because we can easily understand how 
by the rupture of a considerable vessel in the brain, an effusion sufficient to occasion 
a sudden and great pressure may take place, and because on examination after death 
we almost always actually find such ann. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Seizures and Syncope 


Dewey K. Ziegler, M. D.*° and Jan Presthus, M.D. 


SeizuREs simulating the common fainting spell 
have aroused sporadic interest for many years. 
It is well known that there is no altered state 
of consciousness, of whatever cause, which can- 
not be mimicked by a paroxysmal nervous sys- 
tem disorder. The seizure manifestations which 
tend to be confused with vasodepressor syn- 
cope are: 1) loss of postural and muscular 
tone (instead of the more common exaggerated 
tone, or movement) accompanying loss of con- 
sciousness, and 2) prominent autonomic mani- 
festations preceding and a episode. 
Both of these phenomena have n discussed 
separately in the neurologic literature on seiz- 
ures. 

Concerning autonomic phenomena in epi- 
lepsy, Gowers many years ago described cases 
of “vasovagal attack” in which pallor, a feeling 
of coldness, fear of death, and respiratory dis- 
turbances were presumably of 
central nervous system dysfunction.!_ Sub- 
sequently, Kinnier-Wilson summarized the nu- 
merous reported cases of episodic changes in 
consciousness, with pronounced visceral symp- 
toms and autonomic manifestations.2 More re- 
cently, Penfield and Jasper have described 
cases of “diencephalic epilepsy” in which auto- 
nomic phenomena were the major component 
of the convulsive disorder.* 

The other element in the syncopal syn- 
drome—loss of postural tone accompanying loss 
of consciousness (the “limp” fall)—has also 
been described as a seizure phenomenon. In 
elucidating the carotid sinus syndrome, Weiss 
and Ferris,*:5 described an uncommon cerebral 
form of syncope in which pressure on the ca- 
rotid sinus caused loss of consciousness in the 
absence of any change in pulse rate or blood 
pressure; it has been speculated that the ca- 
rotid sinus stimulation triggers a seizure phe- 
nomenon. Syncope of neurogenic origin has 
also been described in various types of “ak- 
inetic” seizures, in which the individual falls 
suddenly and without warning.*7 Gastaut® 
has recently declared that he found this type 
of seizure to be extremely rare. Electrical stim- 
ulation of various areas of the brain, however, 
has repeatedly produced inhibition of motor 
activity in animals and man, both spontaneous 
and elicited by cortical stimulation.®-!2 

Over the years scattered accounts have oc- 
curred of patients who show prominent auto- 


nomic phenomena with brief loss of conscious- 
ness and of postural tone—but no convulsive 
movements or abnormal activity of any type— 
as a manifestation of central nervous system 
dysfunction. The difficulty in making the “fit 
or faint” diagnosis has recently been well dis- 
cussed by Symonds and others.13-15 

The electroencephalographic findings in pa- 
tients with “simple” syncope have usually been 
found to be normal.'*18 More recently, grow 
of cases have been described of individ 
with phenomena simulating vasodepressor syn- 
cope but with prominent electroencephalo- 
graphic abnormalities.1°°° Many of these in- 
dividuals have more well-defined seizures, in 
addition to these syncopal episodes. 

The present study was undertaken to dis- 
cover the coincidence of syncope and abnor- 
mal electroencephalograms to identify those 
atypical syncopal states which seemed to over- 
lap with more readily recognized seizure mani- 
festations, and to study the effect of sleep and 
hypoglycemic activation of the electroenceph- 
alogram in these conditions. 


MATERIAL AND METHOD 


In the present study an attempt was made to 
get a complete clinical description of “fainting 
spells” from patients who had such episodes 
fairly frequently. Patients were derived from 
various sources. Questionnaires were distrib- 
uted to all patients attending a seizure clinic 
and to patients having examinations at an 
electroencephalographic laboratory. Patients 
were also obtained from a group who admitted 
to numerous fainting spells on questionnaires 
distributed to all students by a university 
health service. The questionnaires were then 
screened; those patients denying any type of 
movement or activity during a fainting spell 
were interviewed and the charts reviewed. 

Twenty-three patients were used in this 
study. All except three of these patients de- 
nied the more familiar manifestations of grand 
mal, petit mal, and psychomotor seizures. The 
remaining three had some motor activity dur- 
ing the “spell” and this will be described in 


From the divi of 

J School, wah Pp 

®Present address: 425 E. 63 St., Kansas City, Missouri. 
+Present address: University of Bergen Medical School, 
Bergen, Norway. 


logy, University of Minnesota 


33 


34 NEUROLOGY 


detail. Excluded were patients with severe 
cardiovascular disease, cardiac arrhythmia, se- 
vere anemia, and such obvious primarily non- 
neurologic causes of syncope. 

The history included events preceding, dur- 
ing, and following the spell. The patient was 
asked whether emotional stimuli, feelings of 
“faintness” or dizziness, or autonomic phenom- 
ena preceded the episode. Data on the length 
of the episode, completeness of unconscious- 
ness, pe the frequency of spells were ob- 
tained. Occurrence of confusion or sleep fol- 
lowing the spell was asked for. Wherever pos- 
sible, an informant other than the patient was 
also interviewed to confirm the history. 

Electroencephalograms were done on all pa- 
tients, and in addition most had an electro- 
encephalogram activated by sleep and another 
by insulin-induced hypoglycemia. In all pa- 
tients blood pressure was recorded, and the 
electrocardiogram was recorded on one chan- 
nel of the ea EA record. Blood 
sugar determinations were done on venous 
blood by the Benedict method; normal values 
for this laboratory are 70 to 90 mg. per cent. 


RESULTS 


On the basis of clinical characteristics, we 
divided the patients into three groups, for 
which clinical and electroencephalographic 
data are given below. 

Group A (13 cases) 
Clinical Data 

In this group, brief complete loss of con- 
sciousness occurred in young individuals with- 
out other etiology than fatigue, hunger, or 
emotion. Eight patients were under age 20, 
four were from 21 to 30, and one was over 30. 

Twelve of these patients stated that at some 
time they had had an episode of complete loss 
of consciousness with amnesia for the period. 
In addition, many had episodes which seemed 
to them similar to “fainting spells” but in 
which consciousness was not lost. These epi- 
sodes were described frequently as “faintness” 
or “dizziness,” or the patient might be partially 
aware of surroundings. In 11 patients the 
length of the episode was estimated as less 
than five minutes, in one as between five and 
30 minutes, and in one as over 30 minutes. 
Most of these patients had symptoms of weak- 
ness and sweating following recovery of con- 
sciousness, but few noted confusion. 

None of these patients had a family history 
of seizures. The fathers of three of the pa- 
tients were said to have syncope and in one 
case, a brother also. 


Seven of these patients recognized some 
7 of emotional stress preceding the syncope. 
All of these seven patients and four of the re- 
maining six had some premonitory warning of 
syncope, such as a feeling of “faintness” or 
“dizziness” or autonomic changes. The usual 
stimulus was oe of pain, the well- 
known “sight of blood,” or exhaustion from 
various causes. 

Electroencephalographic Data 

Of these 13 patients, ten showed completely 
normal records in the resting state. One rec- 
ord was borderline, showing prominent sharp 
activity and fast activity; a second showed 
some slowing on hyperventilation; the third 
showed some definite bursts of paroxysmal 
activity: 

Case 1. A 21 year old housewife used to “faint” 
several times per week, many, but not all, of the 
spells being preceded by emotional disturbance 
and a warning of “faintness.” At times the patient 
merely “feels faint” but does not lose conscious- 
ness. On one occasion she was said to be “rigid.” 
Physical and neurologic examinations were nega- 
tive, except for some drop in blood pressure on 
assuming an upright position. The electroencepha- 
logram (figure 1) showed bursts of bilaterally syn- 
chronous 5 to 7 c/s activity, of highest amplitude 
in frontal regions, and associated with low voltage 
spike. 

7 Sleep recording produced no further adbnor- 
malities in any of the six patients in whom it 
was done. 

Insulin-induced hypoglycemia has been re- 
ported to be effective in eliciting abnormalities 
in electroencephalograms of some epileptics.”' 
Therefore, a standard insulin tolerance test 
was done on ten of these 13 patients, using 
0.1 unit of insulin per kilogram of body weight 
intravenously. Electroencephalographic slow- 
ing was rated arbitrarily as minimal, mod- 
erate, or marked, as compared with the restin 
record. Marked slowing consisted of a recoi 
with predominantly high voltage, 1 to 4 ¢/s 
frequencies. In no case did hypoglycemia of 
fairly marked degree precipitate seizure, syn- 
cope, or a “classical” 3 per second spike and 
wave pattern. In two patients, however, defi- 
nite bursts of paroxysmal abnormality were 
elicited by hypoglycemia, occurring in both 
cases 30 minutes after injection of insulin. 

Case 2. A 21 year old student nurse has for sev- 
eral years had about two or more syncopal epi- 
sodes per year, preceded by pallor, nausea, vom- 
iting, and a feeling of faintness and dizziness, fre- 
quently precipitated by fatigue, but almost never 
by emotion. After fainting, the patient is weak 
and perspiring, not confused. Physical and neuro- 
logic examinations were normal. Chest roent- 


Fic. 1. Case 1. A 31 year old female. Calibration 50 uv-, 1 sec. Electrodes connected to linked ear elec- 
trodes, no ground. 

Fic. 2. Case 2. A. A 21 year old female, immediately after three minutes of hyperventilation. Blood sugar 
84 mg. per cent. Calibration, 50 uv.» 1 second. B. 30 minutes after intravenous injection of 6 units of crys- 
talline insulin, and after 100 seconds of hyperventilation. Blood sugar less than 15 mg. per cent. Calibra- 
tion, 50 ,v., 1 second. 

Fic. 3. Case 1. A 31 year old female, 30 minutes after intravenous injection of 7 units of insulin. Blood 
Sugar less than 15 mg. per cent. Calibration, 50 ,v., 1 second. 
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genogram revealed a large anomalous pulmonary 
vein and slight right-sided heart enlargement. 
Resting electroencephalogram showed only ques- 
tionable abnormality, consisting of some sharp 
waves (figure 2A). The electroencephalogram 
after three minutes of hyperventilation during se- 
vere hypoglycemia produced by insulin contained 
a paroxysmal burst of bifrontal spike and slow 
wave dysrhythmia (figure 2B). 

The second patient with extreme electro- 
encephalographic response to hypoglycemia 
was the one with an abnormal resting electro- 
encephalogram whose case has been described 
(case 1). The record during hypoglycemia, 
before hyperventilation, shows bursts of high 
voltage delta (2 to 3 c/s) activity from all 
areas (figure 3). 

In four additional patients hypoglycemia 
precipitated moderate to marked slow abnor- 
mality. In an additional two patients minimal 
slowing occurred. Hyperventilation for three 
minutes during hypoglycemia induced mod- 
erate to marked electroencephalographic slow- 
ing in only three patients. 

Group B (5 patients) 
Clinical Data 

The second group of patients described typ- 
ical syncopal episodes, but had some other 
medical condition which might have been re- 
— for either syncope or seizure, the 

ifferential diagnosis being extremely difficult. 
The diagnoses on these patients were as fol- 
lows: 1) Arteriosclerosis with abdominal aor- 
tic aneurysm. 2)History of transient hemiple- 
gia eight years previously and also of head 
trauma with residual visual field defect. Con- 
vulsions in childhood. 3) Gastrectomy for 
peptic ulcer three years before admission. 4) 
Temporal lobectomy for psychomotor seizures 
one year previously. 5) Diffuse demyelinating 
disease. Two of these patients admitted to 
emotional precipitation of episodes and one 
claimed fatigue as a cause. Three patients had 
premonitory warnings of syncope in the nature 
of feelings of dizziness or faintness. All except 
one described brief and complete losses of 
consciousness with falling; the exception was 
the patient with a history of hemiplegia who 
described episodes lasting one-half to one hour 
consisting of extreme faintness and dulling of 
perceptions and usually relieved by eating. 

The patient with a temporal lobectomy had 
had one focal motor seizure in addition to syn- 
cope; the patient with demyelinating disease 
had had postpartum seizures 20 years pre- 
viously. 

None of these patients had hypertension or 
anemia. In one patient the electrocardiogram 


showed bundle branch block with premature 
ventricular contractions. 
Electroencephalographic Data 

Three of these five patients had abnormali- 
ties of moderate degree, one record showing 
diffuse slow abnormality, a second diffuse fast 
and sharp wave activity, and the third parox- 
ysmal bursts, asymmetric in nature. This third 
case is described below: 

Case 3. A 33 year old male suffered transient 
left hemiplegia with complete, rapid recovery 
eight years prior to examination. Subsequently, he 
suffered head injury with unconsciousness and has 
residual visual field defect. Once or twice a month, 
usually in the setting of hunger and fatigue, he 
suffers spells of extreme weakness, “faintness” and 
dulling of consciousness, preceded by pallor, sweat- 
ing, and dizziness. It is doubtful that he has ever 
completely lost consciousness. The electroenceph- 
alogram showed definite paroxysmal spike and 
slow wave bursts, chiefly right sided, probably 
focal (figure 4). 

Of the other two patients in this group, the 
elderly woman with arteriosclerosis had a nor- 
mal record and the post temporal lobectomy 
patient showed slight diffuse abnormality. 
Sleep activation was done on two patients and 
hypoglycemia on another two 
with no additional abnormalities being pro- 
duced. 

Group C (5 cases) 

This group of individuals suffered from 
states of altered consciousness which were not 
typical syncope but which are included in this 
study because they are difficult to differentiate 
from “fainting” and do not fall easily into 
known x a of seizure patterns, although it 
was our feeling that probably all these mani- 
festations were seizures. Brief case reports are 
given below. 

Case 4. A 56 year old woman had had, for 30 
years, frequently in the premenstrual period, p> 
usually precipitated by emotion and preceded by 
pallor, dizziness, and a feeling of faintness and of 
a “white cloud” being drawn before her eyes. A 
few times she had been completely unconscious, 
but states she can usually understand what is be- 
ing said around her but cannot answer. These 
episodes lasted from a few minutes to almost an 
hour and left the patient pale, perspiring, and 
weak. No movements were ever noted, nor had 
the patient injured herself. In recent years the 
patient had some moderate depression and in- 
somnia for which she received electric shock. 
Electroencephalograms done during pe and 
sleep states, before electric shock, reveal only 
questionable diffuse abnormality consisting of 
runs of low voltage fast activity. 

Case 5. A 16 year old boy had a history of 
subarachnoid hemorrhage and ventriculogram five 
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Fic. 4. Case 3. A male 33 years old, awake. Blood 
sugar 73 mg. per cent. Calibration, 50 yv., 1 second. 


years before examination. He had had two epi- 
sodes of sudden dizziness, followed by falling and 
unconsciousness. He was limp, but one witness 
said there were a few tremors of feet and arms. 
On one occasion there was a feeling of faintness 
but no autonomic manifestations. The electroen- 
cephalogram showed high voltage bifrontal slow 
wave bursts at 2 to 4 c/s (figure 5). 

Case 6. A 59 year old woman with almost daily 
attacks lasting 30 to 90 minutes, with weakness, 
inability to speak, and altered state of conscious- 
ness brought on frequently by disgust, anger, or 
fright and preceded by a peculiar feeling in the 
chest and abdomen. Falling frequently is a part 
of the episode, as is a head tremor; the patient 
is partially amnesic for the spell. Electroencepha- 
lograms showed borderline diffuse sharp head ab- 
normality. There had been numerous episodes of 
head tremors in the past. This patient had had a 
pneumoencephalogram (negative). The Neen 
were greatly diminished in number by Dilantin 
therapy. 

Case 7. An 18 year old girl has numerous typ- 
ical syncopal spells, not precipitated by emotion 
but preceded by pallor, nausea, sweating, and 
a feeling of faintness and dizziness. The episodes 
last one or two minutes, and observers say she has 
occasionally some irregular movements of the 
limbs, not clonic in type. There is no incontinence 


or tongue-biting, and following the episode she 
feels “cold.” Electroencephalograms during wak- 
ing, drowsy, and hypoglycemic states were nor- 
mal. Her father has syncopal episodes not diag- 
nosed as seizures. 


Case 8. A 22 year old woman has had numer- 
ous episodes since adolescence, always precipitated 
by emotion, in which she falls limp and loses con- 
sciousness for a few seconds to several minutes. 
These are usually not preceded by faintness or 
autonomic phenomena, although on a few occa- 
sions she has had transient feelings of faintness. 
The patient came from a turbulent environment 
and had made a suicidal attempt. She received 
fairly prolonged psychotherapy. Electroencepha- 
lograms revealed Mhilaterally synchronous runs of 
6 c/s activity with some slower activity in frontal 
regions (figure 6). 


GENERAL COMMENT 


This study was undertaken in an attempt 
to determine the incidence of electroencepha- 
lographic abnormality in a group of patients 
with the complaint of episodic loss of con- 
sciousness in the absence of an identifiable 
history of well-known manifestations of seiz- 
ures. A large group of these patients, mostly 
young women, suffered from syncope usually 
precipitated by emotion and preceded by auto- 
nomic manifestation. It is worthy of comment, 
however, in describing the wees | in differ- 
entiating seizures from syncope, that several 
of these patients did not describe preceding 
stressful phenomena. All except one of these 
cases showed a normal electroencephalogram, 
and syncope was presumably Mage eins in 
origin, that is, a result of failure of cerebral 
circulation due to drop of blood pressure. In 
these cases there is the well-known sequence 
of clinical events seen in “fainting’—namely, 
dizziness, blurred vision, pallor, a sweating, 
followed by loss of consciousness and postural 
tone. Symonds" suggests that even in such 
cases the “triggering” of the faint is a central 
nervous system phenomenon and may indicate 
some brain pathophysiology. We had specu- 
lated that if this were so, either sleep or h 
glycemia might precipitate electroencephalo- 
graphic abnormalities in these patients. In one 
patient with a questionably abnormal restin 
record, hypoglycemia (at a blood sugar leve 
less than 15 mg. per cent) did produce a defi- 
nite paroxysmal ‘abnormality (figure 2). It may 
be speculated that patients showing such a re- 
sponse to hypoglycemia also have a low con- 
vulsive threshold, much as the patients who 
have seizures during insulin coma treatment. 
Such an electroencephalogram, however, proves 
nothing about the nature of the fainting spells 
at a normal blood sugar level. 

There are cases in which the spells are clin- 
ically indistinguishable from those described 
above, but show striking abnormalities in non- 
activated electroencephalograph records. There 
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Fic. 5. Case 5. A 16 year old male, awake. Calibration, 50,v., 1 second. 
Fic. 6. Case 8. A 22 year old female, awake, non-fasting. Calibration, 50 ,v., 1 second. 


were three such patients in our series whose 
syncope frequently occurred without any emo- 
tional precipitation and without premonitory 
signs or symptoms. 

Just as absence of emotional precipitation of 
syncope is not predictive of electroencephalo- 
graphic abnormality, neither is absence of au- 
tonomic phenomena, since two patients with 
normal electroencephalograms had fainted 
without warning 01 preceding autonomic phe- 
nomena. 

The problem is whether electroencephalo- 
graphic abnormalities in patients with syncope 
indicate that the latter phenomenon is a seiz- 
ure; this question is insoluble unless one of 
the patient's typical “spells” is observed during 
an electroencephalogram. At least some epi- 
sodes of simple loss of consciousness and pos- 


tural tone, even though preceded by auto- 


nomic and emotional phenomena, are of epi- 
leptic etiology. Such cases have some charac- 
teristics of the “akinetic” epilepsy and also 
of the ill-defined group of “visceral” epilepsies. 
Autonomic manifestations, so common in sim- 
ple fainting, are also a frequent accompani- 
ment of seizures originating in various brain 
areas.?? 

It is well known that abrupt changes in 
blood pressure and other autonomic effects can 
be produced in man and in animals by elec- 
trical stimulation of various parts of the cere- 
bral cortex— notably different areas of the 
temporal lobe, rims and the cingulate gy- 
rus.*-25 Jt is not surprising then that seizure 
states may also begin with striking autonomic 
changes that may mimic emotionally caused 
syncope. 

The second and third groups of patients in 
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this study are included to emphasize the fre- 
quent difficulty encountered in distinguishing, 
in a patient complaining of syncope, between 
a seizure state, simple syncope, and a variety 
of other conditions causing sudden loss of con- 
sciousness. In the second group, the syncope 
described was typical and indistinguishable 
from that described in group one. Three of 
these patients, however, s owed abnormal 
electroencephalograms — one case (figure 4) 
with a history of probable cerebrovascular ac- 
cident, a second with demyelinating disease, 
and a third with a history of gastrectomy. The 
history of neurologic disease associated with 
electroencephalographic abnormality strongly 
suggests seizures in at least the first two. In 
the fourth patient of group 2, also, syncope 
probably was a form of seizure, since it oc- 
curred with great frequency following a tem- 
poral lobectomy and was almost completely 
eliminated by Mesantoin therapy. Taking elec- 
troencephalographic and clinical data together, 
therefore, three out of five of these patient 
probably suffered seizures. 

The third group of cases included those in 
which the sered state of consciousness was 
not typical of simple syncope and yet not easily 
recognizable as a seizure. There were cases in 
elderly patients of fairly prolonged states of 
altered consciousness, sometimes unconscious- 
ness often followed by neurologic signs such 
as head tremor or ataxia. In two cases some 
rigidity or a few clonic movements had been 
noted with the faint; these do not in them- 
selves establish the diagnosis of seizures, since 
they will occur rapidly after the onset of un- 
consciousness in any condition in which the 
brain is made anoxic. An interesting possi- 
bility is that these prolonged states of semi- 
consciousness in elderly individuals may repre- 
sent periods of partial cerebral anoxia in indi- 
viduals with arteriosclerotic cerebrovascular 
disease. Meyer and co-workers have recently 
demonstrated that postural tilting can cause 
relative hypotension and _ electroencephalo- 
graphic changes, and conclude that other 
similar but more prolonged and severe drops 
in blood pressure may produce syncope or 
seizures.?6 

Electroencephalographic data on this third 
group revealed definite parxysmal abnormality 
in two, borderline abnormalities in two, and 
normal record in one. 

Some comment might be made on the use 
of hypoglycemia as an activating procedure. 
In our experience it was productive of clearly 
epileptiform abnormality in the electroenceph- 


alogram in only one case in the entire series 
and never precipitated syncope, despite ex- 
tremly low blood sugar se i In fact, the 
absence of any slowing, even after hyperven- 
tilation in the presence of low bh sugar 
values, was surprising and will be reported in 
detail elsewhere. 

Several of these cases had fairly obvious 
emotional disturbances and had received psy- 
chiatric care. The relationship of syncope to 
emotional disturbance is robably extremely 
complex and not elucidated by the fairly com- 
mon practice of diagnosing any conjunction 
of physical symptoms and mental disturbance 
as “hysteria.” One of the cases in this series 
who was thus diagnosed and was receiving 
psychiatric care showed paroxysmal abnormali- 
ties in the electroencephalogram (figure 6). 
Records differing from the normal have been 
obtained by Gastaut in some hysterics;27 this 
fact suggests physiologic disturbance in at least 
some of these patients, and points up the need 
for using combined neurologic and psychiatric 
technics in the study of such patients. 


SUMMARY AND CONCLUSIONS 


1. Clinical and electroencephalographic data 
are reported on a series of 23 patients subject 
to some type of syncope not easily recogniz- 
able as a seizure state. 

2. Patients were divided into groups of a) 
typical syncope with no etiology al other 
than emotional, b) typical syncope in patients 
with other organic disease, and c) “atypical” 
syncope. 

3. Definite abnormality of resting electro- 
encephalogram was found in one out of 13 
patients in group 1, three out of five patients 
in group 2, and two out of five patients in 
group 3. 

4. Sleep activation produced no additional 
abnormalities. Insulin-induced hypoglycemia 
of marked —- produced in one patient of 
group | a definitely abnormal electroencepha- 
logram, consisting of a spike and wave pat- 
tern. There is ‘no indication from this study 
that there is an “unstable” nervous system or 
excessive susceptibility to stress (as represent- 
ed by hypoglycemia) of most patients subject 
to emotionally produced syncope. 

5. Emotional stimuli, dias of faintness, 
dizziness, and autonomic manifestations preced- 
ing syncope do not reliably distinguish vaso- 
depressor syncope from epileptic syncope; they 
were common but not universal in the group 
without electroencephalographic abnormalities. 
Conversely, they occurred in cases showing 
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prominent electroencephalographic abnormali- 
ties. 


6. It is suggested that, when a phenomenon 


appearing to vasodepressor syncope occurs 
in patients with organic nervous system dis- 
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the 


attention both of medical men and of the world at large. It has been described by 
Hippocrates, Galen, Aretaeus, and all the ancient Greek physicians with whose works 
we are acquainted; by Celsus and other Latin authors; and by the most distinguished 
among the moderns; yet its nature or proximate cause still remains unknown, and the 


method of its cure difficult and uncertain. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Berry Aneurysms of the Circle of Willis 


Results of a Planned Autopsy Study 


Jacob L. Chason, M.D. and William M. Hindman, M.D. 


RECENT aggressive surgical approaches in the 
treatment of ruptured berry (saccular, con- 
genital) aneurysms of the circle of Willis have 
accompanied the use of angiography in their 
diagnosis and localization. Differing opinions 
still exist, not only between those who advo- 
cate medical therapy rather than surgical, but 
also within the latter group regarding the time 
for visualization and the exact type of surgical 
treatment.’-* Resolution of these conflicting 
opinions with the development of more ra- 
tional conclusions may be achieved only with 
a more complete and accurate understanding 
of the natural history of this disorder. It is 
our belief that much of the lack of agreement 
stems from unevaluated conclusions derived 
from selected series of patients forming clin- 
ical and autopsy groups that were not com- 
pletely comparable. 

Statistical incidences and morphologic find- 
ings from autopsy series have varied as much 
as those forming clinical reports.*-!° This has 
been due in part to inaccuracies that follow 
retrospective analysis of protocols rather than 
a direct and controlled thorough examination 
of the anatomic material from the onset of the 
investigation. Variations in the latter type of 
study can and should be minimized by the 
adoption of acceptable and rigid criteria prior 
to the analysis. The final conclusions must 
also take into consideration the type of hospi- 
tal, its patient population, the percentage of 
autopsies done, and the number that include 
examination of the system under analysis. 

The content of this report has been derived 
from 2,786 consecutive necropsies at the City 
of Detroit Receiving Hospital, the major adult 
emergency hospital for this city. During this 
period there were a total of 2,870 autopsies, 
representing 60.5 per cent of all deaths. The 
central nervous system, including brain and 
spinal cord, was originally examined in each 
case by one of the authors with but few ex- 
ceptions. The routine examination always in- 
cluded a search for the presence of saccular 
aneurysms in the vessels of the circle of Willis 
and its branches external to the brain. An an- 
eurysm of this type was considered to be pres- 
ent only if the following criteria were satisfied. 


It must have been represented as a local dila- 
tation one millimeter or more in diameter when 
the adjacent arteries were held in their ap- 
proximate antemortem position. This was done 
to avoid the inclusion of nonaneurysmal bulges 
that are occasionally seen between the wrinkles 
in fixed cerebral arteries and to avoid other 
irregularities that might occur in the outer 
walls of these vessels. Although it was origi- 
nally decided to exclude aneurysms with more 
than a minimal degree of atherosclerosis in 
their wall, this never became an important 
consideration. Doubtful cases were always 
omitted. 

The usual reported incidence of berry aneu- 
rysms at autopsy has ranged between 0.5 and 
1.5 per cent.® These figures, in general, rep- 
resented estimates derived from reviews of 
protocols. The direct examination at autopsy 
of 1,437 consecutive brains reported by Riggs 
and Rupp’ disclosed a 9 per cent incidence of 
these aneurysms 0.5 cm. or less in diameter. 
Included within the 2,786 autopsies in our 
series are 137 patients with berry aneurysms, 
an incidence of 4.9 per cent. 

Table 1 contains information relating the 
number of autopsies in each decade with the 
number of patients having ruptured and un- 
ruptured aneurysms. The age of the patients 
with the aneurysms ranged from 25 to 87 
years, with a mean of 57 years. The mean age 
of the 57 patients with ruptured aneurysms 
was 54 years; in the 80 with unruptured an- 
eurysms the mean age was 64 years. The ab- 
sence of berry aneurysms in individuals in this 
series under the age of 25 is, in part, due to 
relatively few emergency pediatric cases and 
in part to the composition of the group under 
age ten. This age group was formed almost 
entirely by premature but legally viable in- 
fants on whom autopsy examination was almost 
routine and in whom aneurysms are known to 
be exceedingly rare.® 

One hundred and ninety-six saccular aneu- 
rysms were found in the 137 patients (table 
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TABLE 1 
INTRACRANIAL BERRY ANEURYSMS FOUND 
AT AUTOPSY 


Number of Patients 


Number of with aneurysms 

Age Autopsies Unruptured Ruptured Total 
0 to 10 203 0 0 0 
11 to 20 22 0 0 0 
21 to 30 75 1 2 3 
31 to 40 253 6 ll 17 
41 to 50 397 12 ll 23 
51 to 60 530 16 14 30 
61 to 70 643 24 17 41 
71 to 80 466 12 2 14 
81 and over 187 9 0 9 
Age not known 10 0 0 0 

Totals 2,786 80 57 137 


2). The presence of two or more aneurysms 
in 43 individuals is equivalent to an incidence 
of multiplicity of 31.4 per cent. Moreover, 
bilateral involvement of the circle of Willis 
was found in 19 per cent of the entire group 
of patients (60 per cent of those with multiple 
aneurysms). These findings are to be com- 
pared with other reports of multiplicity of 15 
per cent and 21 per cent* and of bilaterality 
of 0.8 per cent,* 4.6 per cent,? and 33 per 
cent.!° 

It has been stated on many occasions that 
females are more frequently affected than 
males,*:8.9 but the actual difference is hard to 
evaluate from the number of patients reported. 
In this series there were 60 males and 77 
females with saccular aneurysms. The actual 
difference between the sexes is masked, how- 
ever, unless one considers the ratio of the 
sexes in the entire autopsy population. The 
2,786 autopsies include 1,718 males and 1,068 
females. The actual incidence of aneurysms as 
to sex in this series is 3.5 per cent in males 
and 7.2 per cent in females. No significant 
difference between the sexes in the proportion 
of ruptured and unruptured aneurysms was 
noted. Although some authors have reported 
a higher incidence of these aneurysms in the 
colored race, there was no significant racial 
difference in this series. 

The anterior half of the circle of Willis, 


TABLE 2 

TOTAL NUMBER OF BERRY ANEURYSMS 
94 patients with 1 aneurysm = 94 
32 patients with 2 aneurysms = 64 

8 patients with 3 aneurysms = 24 

1 patient with 4 aneurysms = 4 

2 patients with 5 aneurysms = 10 
137 patients aneurysms = 196 


formed by the intracranial portion of the in- 
ternal carotid arteries, the middle cerebral, the 
anterior cerebral, the anterior communicating, 
and the first portion of the posterior communi- 
cating arteries and their branches, is said to 
be affected approximately six times as fre- 
quently as the posterior half of the circle. In 
our material, in spite of a diligent search, the 
predominance of anteriorly placed aneurysms 
was even greater. The anterior half of the 
circle was affected 177 times, the posterior 
half 19 times. The frequency with which these 
arteries were involved included the internal 
carotid proximal to the posterior communicat- 
ing—16, at the junction with the posterior com- 
municating artery—18, with the middle cere- 
bral artery—23, and with the anterior cerebral 
artery—six. There were 53 aneurysms on the 
middle cerebral artery and 61 involving the 
anterior communicating artery. The remain- 
ing 19 aneurysms affected the vertebral-basilar 
artery system and its branches. The right and 
left sides of the circle were involved with equal 
frequency. The average size of the ruptured 
aneurysms (8.6 mm.) was almost twice that 
of the unruptured (4.7 mm.). There was no 
significant difference in size between the sexes. 

The only illness that some have considered 
to be of etiologic importance in this disorder 
is hypertensive cardiovascular disease. It was 
diagnosed clinically or at autopsy in almost 
80 per cent of these patients with unruptured 
as well as ruptured aneurysms. Congenital 
anomalies such as polycystic renal disease 
and coarctation of the aorta, reported by 
some as occurring with unusual frequency in 
patients with these so-called congenital cere- 
bral aneurysms,® have not been noted in our 
series. In our opinion, the association of these 
anomalies with arterial hypertension may be 
the factor leading to the coincidence of these 
aneurysms with the two congenital abnormali- 
ties. 

Fatal rupture of aneurysms (almost always 
at the apex) was followed by diffuse subarach- 
noid hemorrhage in 51 patients and by a 
localized hemorrhage in six. There were only 
nine instances in which no further complica- 
tions occurred. Hemorrhage from the rupture 
site extended into the adjoining brain in 38 
patients and into the adjoining ventricle in 20 
of this group. Brainstem hemorrhages found 
in 15 cases occurred in five as the - compli- 
cation. In three cases the complicating lesion 
was recent subdural extension of the subarach- 
noid bleeding. Death on two occasions ap- 
peared to follow the occurrence of a large and 
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SURVIVAL following rupture of aneurysm Q@) 


Internal Middle Ant. Ant. Post. Basilor and 
carotid vertebral 
cerebral communicating 


SITE OF RUPTURE 


Fic. 1. Duration of survival following fatal rupture of aneurysm in patients receiving only medical treatment. 
Fic. 2. Relation of site of rupture to time of death in weeks. 


recent infarct in the area supplied by the major 
artery giving rise to the aneurysm. 

Duration of survival following fatal rupture 
of the aneurysms in these patients who re- 
ceived only medical treatment is shown in 
figure 1. The high incidence of early death in 
this series as compared with others'!-!3 may 
be attributed in part to the — nature 
of the hospital and in part to the fact that 
patients of this type only infrequently become 
part of a clinical series. In many succumbing 
after a week of hospitalization, death was pre- 
ceded by an episode that suggested renewed 
bleeding. Figure 2 relates the sites of rupture 
with the numbers of patients and the times of 
death in weeks. 

Several theories have been proposed as ex- 
planations for the pathogenesis and the mor- 
phologic appearance of these lesions. Forbus'* 
was the first to demonstrate an initial congeni- 
tally predisposing abnormality that had pre- 
viously been suggested by Eppinger® and by 
Turnbull.15 This abnormality consisted of a 
defect in the formation of the media at the 
inner angles of the branchings of the cerebral 
arteries. Tuthill’® considered the defect to be 
an embedding artefact. These observations of 
Forbus, later confirmed by others, are now 
generally accepted. Bremer!* and Padget® 
were also impressed by numerous transitory 
arteries formed in the early development of 
the circle of Willis. It was the opinion of these 
investigators that incomplete involution of 
these embryonic arteries could result in points 
of medial weakness capable of leading to the 
later formation of saccular aneurysms not at 
bifurcations. A second and essential factor 
in the genesis of aneurysms is the absence of 


the elastic tissue normally concentrated in the 
internal elastic lamina. Forbus postulated that 
this loss was due to constant overstretching 
of the wall. Bremer, on the other hand, be- 
lieved that transmission of a pulsatile pres- 
sure was the stimulus for the formation and 
maintenance of the elastic tissue and, further, 
that these pulsations were absent in the re- 
gions of the aneurysms. Atherosclerosis has 
been suggested by others as a superimposed 
factor leading to the destruction of the inter- 
nal elastic lamina; they have, therefore, classi- 
fied these aneurysms as atherosclerotic in na- 
ture. With this group one may include Walker 
and Allegre,’® who were of the opinion that 
occluding degenerative disease of the vasa 
vasora of the cerebral arteries resulted in the 
destruction of the elastica and weakening of 
the arterial wall. Handler and Blumenthal*° 
have repeated a previously rejected sugges- 
tion!* that an component was 
etiologically important in the development of 
these lesions. Another group of individuals 
have expressed the opinion that an added but 
as yet unknown factor is essential to the de- 
struction of the internal elastic lamina.® 

All of the aneurysms in this series have been 
examined with multiple sections and _ stains. 
Our findings are in agreement with those of 
Forbus,'* Bremer,'? Padget,’® and Richardson 
and Hyland.* No evidence was found to sug- 
gest that the integrity of the internal elastic 
lamina was dependent upon the relatively few 
vasa vasora. Cellular infiltrations in and about 
the walls of aneurysms, as noted by Forbus!* 
with whom we agree, appear to represent a 
reaction to, rather than the cause of, the de- 
generative changes within the aneurysm wall. 
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In 1938 Slany*! reported abnormalities in 
the formation of the circle of Willis in 14 
of 26 patients who died of ruptured berry 
aneurysms. This association was noted earlier 
by Padget.'* Abnormal formations were pres- 
ent in 85 per cent of the cases described by 
Riggs and Rupp,°* in contrast to a much lower 
incidence in patients without these aneurysms. 
These findings, if correct, are of great signifi- 
cance in determination of the availability and 


the type of surgical therapy to be employed. 
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In our material, variations in the formation of 
the circle did not appear to be appreciably 
greater in incidence in those with aneurysms 
than in the nonaneurysm group. 


SUMMARY 
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137 patients with berry (saccular or so-called 
congenital) aneurysms of the circle of Willis. 
The statistics for this series are presented and 
compared with others. 
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is, of course, now well taught in hospitals. But I am urging that a 


man should go on learning pathology for himselt — go on being a student as long as 
possible. Most of the work on pathology will be done x | those who have large and 


special opportunities. Scientifically I am a democrat, an 


should like everyone to be 


a pathologist for himself, so far as possible. Many a man learns quickly, and is very 


zealous when a student; he is; ety 


and ceases to improve. Every man shoul 


, a man of promise, and then stops short 
be original. He may make no discoveries; 


that is to a great extent a matter of chance. I mean that he should think for himself. 
If he does not himself make post-mortem examinations, he will have no trustworthy 
materials for such thinking on cases of living people. It is one thing to possess 
knowledge, and quite another thing to be possessed by that of other people. 


J. Hughlings Jackson in Address on Pathology, 
published in 1882. 
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Effect of Diamox on Intracranial Pressure 


and Blood Volume 


James R. Atkinson, M.D. and Arthur A. Ward, Jr., M.D. 


THE EFFECTS of Diamox (2-acetylamino-1,3, 
4,-thiadiazole-5-sulfonamide; acetazolamide), a 
carbonic anhydrase inhibitor, on pressure and 
volume in the cerebrospinal fluid'-* and on the 
intraocular fluid systems*® have been de- 
scribed, but the mechanism of action of Dia- 
mox on these systems is not completely under- 
stood. While Diamox is a potent carbonic an- 
hydrase inhibitor, Maren® has pointed out that 
the strongly alkaline nature of the sodium salt 
of acetazolamide is a factor obscuring the ef- 
fects of the drug since 50 mg. per kg. of 
Diamox, intravenously, produces a detectable 
alkalosis. 

Kister? has shown that, while Diamox re- 
duces cerebrospinal fluid formation in an open 
system, the substituted acetazolamides with 
reduced carbonic anhydrase activity have little 
effect on cerebrospinal fluid production. The 
possibility that this drug may gain direct access 
to the carbonic anhydrase within the cells is 
suggested by the parallel between the anti- 
convulsant activity of Diamox in mice and 
drug levels in brain homogenate.? Tschirgi, 
Frost, and Taylor! found that 150 mg. per kg. 
of Diamox intravenously reduced cerebrospinal 
pressure and rate of production in cats and 
rabbits. Using the same dose and route of ad- 
ministration, Knopp, Atkinson, and Ward* 
found that Diamox rapidly increased cerebro- 
spinal fluid pressure in cats and monkeys, the 
— returning to normal levels within an 

ur. 


It is known that the vascular dilatation ac- 
a age elevated carbon dioxide tension 
results in elevated cerebrospinal fluid pressure. 
Diamox, by inhibiting carbonic anhydrase and 
thus diminishing the rate of carbon dioxide 
fixation as sodium bicarbonate, could conceiv- 
ably produce an elevation in pressure by this 
mechanism. The purpose of the present study 
was the a of this possibility. 

The study of cerebrospinal fluid pressure as 
a function of volume is a 
problem which would ideally consider the vol- 
umes of at least three compartments (blood, 
brain, and cerebrospinal fluid) and the rate of 


transfer of fluid between these compartments. 
In a study such as this, where the pressure 
of one compartment (cerebrospinal fluid) is 
changing, the hydraulic impedances between 
compartments should be considered. Unfor- 
tunately, few of these parameters are known 
or available for ready observation. Studies of 
turnover rates in systems of hydraulic pools 
out of dynamic equilibrium® suggest that the 
concept of dynamic equilibrium has probably 
been overstressed in attempts to make precise 
rate determinations. Interchange of fluids 
between intracranial compartments may be 
achieved by filtration, diffusion, or little un- 
derstood active transport processes which dis- 
criminate between substances presented to the 
“barriers.” Work by Friedemann and Elkeles® 
in 1931 showed that the blood-brain barrier 
is permeable to basic dyes and the blood cere- 
brospinal fluid barrier is permeable to acidic 
dyes. The ready passage of lipoid soluble com- 
pounds across the blood-brain barrier is well 
known. The advent of isotopes has now pro- 
vided a new tool for the study of barrier phe- 
nomena. Deuterium oxide has been shown to 
equilibrate readily with water within the intra- 
cranial systems, but common ions penetrate 
the barriers very slowly.!° The use of radio- 
active isotopes in the study of various mam- 
mals seems to indicate little or no difference 
in the barrier for ions in man, apes, and com- 
monly used laboratory animals such as cats 
and rabbits.11 In some respects at least, the 
permeability of the blood-brain barrier is simi- 
lar to that assumed for the cell membrane.” 
It would not be surprising if a drug such as 
Diamox, which has a pK of 9.1 as its sodium 
salt,® rather low molecular weight, and which 
inhibits an intracellular enzyme system, should 
have some marked effects on blood-brain bar- 
rier phenomena. 
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The in vivo determination of intracranial 
blood volume seemed to be a quantity most 
readily estimated by radioisotope technics. 
To this end, readily available radio-iodinated 
human serum albumin (RIHSA), which has 
been shown to remain in the blood stream of 
both animals and man for prolonged periods,'* 
was used. The chief Rew seas in the present 
study was the development of a technic by 
which radiation emitted from blood in the 
intracranial contents could be used to esti- 
mate intracranial blood volume. Radioisotopes 
have also been used to study blood volumes 
in representative portions of the musculoskele- 
tal system’® and for the study of total blood 
volume.1¢ 


MATERIALS AND METHODS 


Eight adult cats were used, four for the 
measurement of cerebrospinal fluid pressure 
and intracranial blood volume and four for 
various control experiments. Intraperitoneal 
sodium pentobarbital was used for anesthesia 
(35 mg. per kg.). The body of the animal 
was placed in a tunnel constructed of five- 
eighths inch lead slabs and the head held in 
position with a clamp so that the widest = 
of the head was in contact with a one-half 
inch collimating hole through a lead brick 
60 mm. thick. A thallium-activated sodium 
iodide scintillation detector was mounted be- 
neath the collimator, shielded from radiation 
from the cat by the tunnel everywhere except 
through the collimator. The surface of the 
crystal was covered with an aluminum disk 
0.016 inches thick. A conventional well counter 
was used to measure the level of radioactivity 
of various fluid samples. Cerebrospinal fluid 
pressure was monitored with a water manom- 
eter connected through plastic tubing to a 
modified 20-gauge spinal needle inserted into 
the basal cistern. 

Following anesthesia, approximately 100 
microcuries of RIHSA were injected intra- 
venously, and one-half hour allowed for equi- 
libration of the isotope throughout the vascular 
system. In the following discussion, “counts” 
shall mean “counts per minute minus back- 
ground count.” Cerebrospinal fluid pressures 
and scintillator counts from the head were 
then taken during a one-half hour control 
period. Following the intravenous injection 
of Diamox (150 mg. per kg.), scintillator 
counts and cerebrospinal fluid pressures were 
taken every minute for the first ten minutes, 
every two minutes for the next ten minutes, 
and every five minutes for the next 40 min- 


utes. Blood samples were drawn before the 
administration of Diamox and at the end of 
one hour for the determination of total blood 
volume by a method described later. The 
animal was then sacrificed by wrapping the 
neck with strong twine and applying a Palmer 
cervical clamp to prevent loss of blood from 
the head. e count of the head after this 
procedure was approximately the same as the 
count when the animal was alive. After a one- 
hour period to allow clotting of the blood, the 
skull was opened, the intracranial contents 
removed down to the level of the foramen 
magnum, and their volume determined by 
water displacement. A balloon was placed in 
the cranial vault, the bone replaced, and cov- 
ered with the muscle and skin which had been 
reflected. The balloon was then filled with a 
volume of water equal to the volume of the 
intracranial contents, the head accurately re- 
positioned in the head holder over the colli- 
mator and counted just as the living animal 
had been. This “phantom” was a mechanical 
approximation (from the standpoint of geom- 
etry, absorption, and scatter characteristics) of 
the living preparation. This count, originating 
from intravascular isotope in blood outside the 
intracranial contents and scatter from the body, 
contributes to the total count in the living 
animal. The limits within which this count 
might be assumed constant during the course 
of the experiment were investigated and will 
be discussed under the controls. The concen- 
tration of radioactive material in the cerebro- 
spinal fluid was slight, being less than three- 
tenths of one per cent of the activity in the 
blood two hours after administration of the 
RIHSA. Five to ten microcuries RIHSA was 
then added to the water in the balloon and the 
head counted again (phantom plus RIHSA). 
An aliquot of the balloon contents was taken 
for counting in the well counter. This pro- 
cedure provided the data for the establishment 
of a proportionality constant (k) between the 
scintillator used to count the head and the well 
counter. 

Total blood volume was determined by a 
method in use by the radioisotope service of 
the Seattle Veterans Administration Hospital. 
Prior to injection, the RIHSA was loaded into 
a standard 2 ml. glass syringe. This syringe 
was then placed in a grooved wooden block to 
insure reproductible geome and counted. 
This count will be referred to as “Block Count 
A.” After injection the syringe was counted 
again (Block Count B). The difference between 
Block Count A and Block Count B is the count 
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C is the count in the flask as determined 
this arrangement. One ml. aliquots of the 
contents were counted in the well counter. 
The above data were then used to determine 
the count injected as determined by the well 
counter. 


injected as determined by this arrangement. 
The syringe was then washed into a one liter 
volumetric flask and the washing diluted to 
one liter with water. The syringe was then 
counted a third time (Block Count C). The 
difference between Block B and Block Count 


(1) counts injected as determined by the well counter equals 
(Block Ct. A— Block Ct. B) (well count of 1 ml. of flask contents) (1000) 
(Block Ct. B — Block Ct. C) 


To obtain blood volumes, 1 ml. blood samples were counted in the well counter after a 1/100 
dilution. The total blood volume at the time a given sample was drawn could then be esti- 


mated as follows: 
(2) Total blood volume = counts injected as determined by the well counter 
~ (well count of diluted blood sample) (100) 


The following procedure was used to determine the percentage of blood in the intracranial 
contents from the scintillator counts from the living animal. The well count of the balloon 
contents (containing RIHSA) was determined. A proportionality constant (k) was then cal- 
culated to establish the relationship between counts obtained from the scintillator used to count 


the animal’s head and the well counts added to each milliliter of the phantom. 


(count phantom plus RIHSA) — (phantom count) 


a) k= 


count/ml. balloon contents in well counter 


The count from the intracranial contents of the living animal was taken as equal to the 
count of the living head less the count of the phantom, and (k) determined above was applied: 


(4) k= 


_ (head count, living animal) — (phantom count) 


count/ml. intracranial contents in well counter 
The percentage of blood in the intracranial contents during any minute was: 
(5) Per cent blood in intracranial contents equals 
(count/ml. intracranial contents in well counter) (100) 


count/ml. whole blood in well counter 


Equations (4) and (5) each contain the term “count/ml. intracranial contents in well 
counter.” Setting each equation equal to this term and then to each other and rearranging 


terms: 


(6) Per cent blood in the intracranial contents equals 
[(head count, living animal) — (phantom count)] (100) 


k(count/ml. whole blood in well counter) 


No additional corrections were made for 
scattering or absorption, as other workers!* 
have shown scattering to compensate absorp- 
tion at 3.5 cm. in a paraffin phantom, and this 
approximates the geometry of the prepara- 
tion used in this study. Corrections were 
made for changes in plasma concentration of 
the isotope during the experiment. 

The extraneous count arising from blood in 
tissues “seen” by the detector but outside the 
cranial vault, such as skin, muscle, and bone, 
has been treated as constant in the foregoing 
calculations. Control experiments were per- 
formed to determine the limits of this assum 
tion. The thigh was placed across the colli- 
mator aperture and be body placed in the 


lead tunnel. With the same RIHSA dose used 
in the previous experiments, about the same 
counting rate was obtained from the thigh as 
had been obtained from the head. This count 
represented isotope in the blood of the tissues 
of the thigh. After a 30-minute control period, 
Diamox (150 mg. per kg.) was injected and 
the counts recorded as in the previous experi- 
ments. Using the mean phantom corrections 
and proportionality constants from the experi- 
ments in which the head had been counted, 
these data were treated as if they had come 
from the animal's head rather than the thigh. 
The extent to which this count varied during 
the course of the experiment was taken as the 
extent to which the extraneous count had 
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varied in experiments in which the head had 
been counted. This variation, taken as the limit 
of accuracy of the technic, was 0.8 per cent of 
the calculated intracranial blood volume. 

An increase in blood volume was observed 
during the hour following administration of 
Diamox to the experimental animals. Control 
experiments were performed to determine the 
time course of this phenomenon. A short 
catheter was placed in the inferior vena cava 
through a femoral vein and a tracer dose of 
RIHSA was given, adjusted soe that blood 
samples could be counted directly in the well 
counter without dilution. Serial blood samples 
were withdrawn to establish a control value, 
the usual dose of Diamox was administered, 
and blood samples taken over a one-hour 
period for bl volume and hematocrit de- 
terminations. Approximately 10 per cent of 
the blood volume was withdrawn during the 
course of the experiment. 


RESULTS 


Following Diamox injection there was an 
immediate rise in cerebrospinal fluid pressure 
and an associated increase in intracranial blood 
volume. The initial rise in pressure (peak at 
one minute) was followed by a fall ‘ani a sec- 
ond rise in cerebrospinal fluid pressure (peak 
at eight to ten minutes) which was associated 
with a decrease in intracranial blood volume 
to a level near the control value. Following the 
second cerebrospinal fluid pressure peak eight 
to ten minutes following injection, the pressure 
fell slowly to near normal levels in another 
50 minutes. The intracranial blood volume rose 
from its depression associated with the second 
cerebrospinal fluid pressure peak and fluctu- 
ated about a level higher than the control 
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value (figure 1). The same pattern of response 
was seen in all experiments. 

One hundred microcuries of RIHSA gave 
counting rates of approximately 1,000 CPM 
from the head of an eyult cat with the collima- 
tion and detection equipment used in these 
experiments. The over-all counting error was 
less than 10 per cent. 

The hematocrit increased 10 per cent and 
the total blood volume increased approximate- 
ly 15 per cent (corrected for the increased he- 
matocrit and associated decrease in the isoto 
containing plasma portion of whole blood). 
These changes, based on a single injection of 
RIHSA, reached a maximum within 20 min- 
utes following Diamox administration and re- 
mained at their new levels throughout the one- 
hour period of observation. No significant 
change in blood volume was observed during 
the 30-minute control period prior to Diamox 
administration.'$ 


DISCUSSION 


These experiments were performed to test 
the hypothesis set forth in an earlier paper* 
that the cerebrospinal fluid pressure elevation 
produced | Diamox might be due to vaso- 
dilation and an increase in intracranial blood 
volume. The values of in vivo intracranial 
blood volume reported in this study agree well 
with the previously published values of 2 to 4 
per cent for laboratory animals.1%.2° 

The initial increase in cerebrospinal fluid 
pressure one minute following Diamox admin- 
istration reflects an increase in arterial and ve- 
nous pressures? and an increase in intracranial 
blood volume. The second cerebrospinal fluid 
pressure peak eight to ten minutes following 
Diamox is, however, associated with falling 
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Fic. 1. Mean values of four experiments. 
The numerical ordinate for cerebro- 
Po fluid pressure (solid line) is on 
the left, and that for the intracranial 
blood volume (broken line) is on the 
right. 
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arterial and venous pressures* and an intracra- 
nial blood volume near the control level. This 
second | pommce peak is thus not the direct 
result of increased intracranial blood volume. 
Either blood, brain, or cerebrospinal fluid must 
expand to produce the increase in pressure ob- 
served following Diamox administration. The 
intracranial blood volume is decreased durin 
the most marked increase in cerebrospinal flui 
pressure. Tschirgi' and Kister? have reported a 
decrease in the rate of cerebrospinal fluid pro- 
duction following the administration of Dia- 
mox, but in both studies the data were ob- 
tained from cerebrospinal fluid systems oper- 
ating against atmospheric pressure rather eel 
an appreciable hydrostatic pressure. This fea- 
ture of their experimental designs makes extra- 
polation of the data to closed systems difficult. 
If the rate of cerebrospinal fluid reabsorption 
is decreased more than the rate of production, 
there would still be a net increase in intracra- 
nial pressure due to increased cerebrospinal 
fluid volume. If Diamox does decrease the 
rate of cerebrospinal fluid formation in the in- 
tact animal and if the rate of absorption is not 
altered by Diamox, the increase in intracranial 
pressure following Diamox administration in 
this study must reflect an increase in the vol- 
ume of brain tissue per se. Since the volume 
of the erythrocytes, which are laden with car- 
bonic anhydrase, increases following Diamox 
administration and since carbonic anhydrase 
is an important enzyme in adult brain tissue,?! 
it might well be that Diamox produces an 
increased fluid uptake by brain tissue due to 
an increase in intracellular osmotically active 
carbon dioxide. The ability of basic substances 
to penetrate the blood-brain barrier® and the 
alkaline properties of Diamox (pK 9.1)*® make 
entrance of Diamox into the brain probable. 

It is thus clear that the initial rapid rise in 
cerebrospinal fluid pressure following Diamox 
passively reflects an increase in intracranial 
blood volume. However, the second rise in 
cerebrospinal fluid pressure cannot be ex- 
plained on this basis, since the intracranial 
blood volume is reduced at this time. We feel 
that Diamox crosses the blood-brain barrier 
during the first few minutes. As intracellular 
carbonic anhydrase is inhibited, osmotically 
active carbon dioxide accumulates and cerebro- 
spinal fluid pressure rises. 


The observed acute increase in total blood 
volume can partially be explained on the basis 
of the increased hematocrit. Presumably the 
increase in red cell mass is also due to inhibi- 
tion of the intracellular carbonic anhydrase 
with retention of osmotically active carbon 
dioxide. 

The clinical utilization of parenteral Dia- 
mox in syndromes associated with increased 
intracranial pressure would thus seem to be 
contraindicated. Not only would this drug be 
presumably ineffective in lowering cerebro- 
spinal fluid pressure under these circumstances, 
but the acute increases in pressure during the 
first hour might be deleterious. 


SUMMARY 


1. A method is described for the in vivo 
determination of intracranial blood volume. 

2. In adult cats, intravenous Diamox (150 
mg. per kg.) produced a bimodal increase in 
cerebrospinal fluid pressure, one peak occur- 
ring one minute following administration, and 
the other peak occurring eight to ten minutes 
following administration. 

3. The first pressure peak is associated with 
an increase in arterial and venous pressures 
and an increased intracranial blood volume. 

4. The second pressure peak is associated 
with falling arterial and venous pressures and 
an intracranial blood volume near the control 
values. 

5. An increase in total blood volume, as de- 
termined by a RIHSA dilution technic, was 
observed reaching a maximum 20 minutes fol- 
lowing Diamox administration and remaining 
elevated for another 40 minutes. 

6. A 10 per cent increase in hematocrit was 
observed, hare approximately the same 
time course as the total blood volume. 

7. Parenteral Diamox would thus appear to 
be ineffective and potentially dangerous in the 
presence of increased cerebrospinal fluid pres- 
sure. 
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Woodbury of the department of physiology and Dr. R. L. 
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@ The experiments of Professor Claude Bernard, Dr. Brown-Séquard, and others 
upon the cervical sympathetic, es that when this nerve is pam ge 4 dividing it, 
loods 


a state of hyperaemia, of whic 


the most conspicuous signs are a b 


hot state of 


the conjunctiva and of the lining membrane of the nostril and ear, with a con- 
tracted pupil, and with increased temperature, is at once set up on the same side 
of the head: and also that when the end of the divided nerve which is separated 
from the cord is irritated, the immediate result is dilatation of the pupil, with an 
almost complete blanching and cooling of the parts which were bloodshot and warm 
a moment Saloon. The vessels in these parts evidently relax and receive more blood 
when their nerves are _— and contract and receive less blood where their 


nerves are irritated; an 


the increased temperature and sensibility which happens in 


the one case, and the diminished temperature and sensibility which happens in the 
other case, are —— more than the natural consequences of the increased or 
| 


diminished quantity of 


ood in the parts in each case respectively. 


C. B. Radcliffe in On Diseases of the Spine and of the Nerves, 


published in 1871. 
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Craniopharyngiomas in the Aged 


Pascal Tiberin, M.D., Gil M. Goldberg, M.D. and 
Armin Schwartz, M.D. 


IT Is GENERALLY RECOGNIZED that craniophar- 
yngiomas, although primarily encountered in 
children and young adults, may become symp- 
tomatic at any period of life. Although the 
clinical features are quite characteristic in 
young patients, the mode of onset and symp- 
tomatology in the aged may be variable and 
confusing, making diagnosis difficult. 

In this paper, clinical and pathologic data 
on two cases of craniopharyngioma in elderly 
— are reported, calling attention to the 
act that this congenital tumor may remain 
silent until old age. 


CASE REPORTS 


Case 1. A 60 year old woman was admitted 
to the hospital on October 4, 1956 with a history 
of ant 9 personality changes. For six months 
previously she had felt well, except for a progres- 
sive deterioration in vision, which had never been 
good, and that was attributed to hypertension. 
At that time she complained of headache, vague 
abdominal and limb pains, and general weakness. 
She gradually lost interest in her usual work, be- 
came sleepy and disoriented, developed urinary in- 
continence, and neglected her personal hygiene. 
One month prior to admission the patient became 
virtually blind. 

On admission the patient was confused and her 
speech was almost incomprehensible. The skin 
was dry, slightly edematous, and wrinkled around 
the mouth. The axillary hair was absent and the 
‘sa hair very scanty. Except for an enlarged 
iver, the systemic examination was negative. Blood 
pressure was 120/80. The neurologic findings 
were as follows: Bilateral primary optic atrophy 
with complete amaurosis. Both pupils were dilated 
and did not react to light. There were bilateral 
forced grasping and generalized hyperactive re- 
flexes, as well as extensor toe sign on the left side. 

Laboratory findings. Urine examination showed 
slight albuminuria, pyuria, and normal excretion 
of 17-ketosteroids. Blood cell count suggested 
normochromic anemia. Blood sugar was 74 mg. 
per cent, urea 28 mg. per cent. There was a 
pathologic response to an ACTH test. Erythrocyte 
sedimentation rate was 23/63. A chest film was 
normal, Roentgenograms of the skull revealed en- 
gare of the sella turcica, with decalcification 
and erosion of its dorsum and floor. Electroen- 
cephalogram was normal. Lumbar puncture 
showed clear colorless fluid with an initial pressure 
of 220 mm. of water. Protein content of the 
cerebrospinal fluid was 67 mg. per cent. Right 


percutaneous carotid angiography revealed nar- 
rowing and upward displacement of the anterior 
cerebral artery, with no filling of its supracallosal 
portion. Pneumoencephalography showed mod- 
erate symetric dilatation of the ventricular system. 

On the basis of these findings, a diagnosis of 
pituitary adenoma was made. The patient was 
given cortisone and ACTH for two days prior to 
surgery and on the morning of the operation. On 
October 24, 1956 the chiasmal region was ex- 
plored through a right craniotomy. 
Elevation of the frontal lobe disclosed a tumor 
mass which proved to be partially cystic. 

On aspiration 10 cc. of a clear light-yellow fluid 
was obtained, and the optic nerves could be vis- 
ualized only after collapse of the capsule. The 
solid portion of the tumor was seen to protrude 
from the pituitary fossa between the stretched 
optic nerves into the region of the third ventricle. 
As it was impossible to remove all of the tumor 
without compromising the already damaged neigh- 
boring structures, the opening in the capsule was 
enlarged and soft avascular tissue removed for his- 
tologic verification only. 

At the end of the operation the left pupil re- 
acted sluggishly to a In the immediate post- 
operative period the blood pressure and pulse were 
not obtainable. A Neosynephrine infusion was set 
up to maintain a minimal blood pressure of 100 
mm. Hg. This was continued, together with cor- 
tisone (50 mg. daily), for 11 days. Although there 
was slight improvement in the first few days, she 
deteriorated steadily and died on the twenty- 
second postoperative day. 

Autopsy was performed two hours after death. 
When the brain was removed, it was found that 
a tumor mass occupied the place of the pituitary 
gland and compressed the optic chiasm (figure 1). 
The tumor mass measured 5 by 4 by 3 cm. It 
was located partially intrasellar, but mostly extra- 
sellar. The tumor was well delimited and no in- 
vasion into surrounding tissues was demonstrated. 
On sagittal section of the tumor, many minute 
cyst-like formations surrounded by grey-white soft 
tissue with areas of brown discoloration were 
found. Microscopic examination revealed the tu- 
mor to consist mainly of continuous sheets of 

uamous cells forming nests without cornification 
tle 2). In other areas cystic formations with 
cylindrical pseudostratified epithelium lining were 
deed. No signs of malignant changes were 
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observed. However, there were areas of necrosis, 
minute calcifications (figure 3), foreign body giant 
cells, and macrophages with hemosiderin pigment. 
On the rim of the tumor, a thin enpeneal normal 
hypophysial parenchyma was distinguished. Patho- 
logic diagnosis: Craniopharyngioma. 

Case 2. A 65 year old housewife was admitted 
to the hospital on February 24, 1955 because of 
a typical organic mental syndrome of nine months’ 
duration. Past history and family history were not 
significant. About two years previously she had 
lost consciousness for a short period of time, but 
from then on and for a full year she was active 
and ran her house well. For nine months prior 
to admission she complained of headache, a feel- 
ing of pressure on the eyes and pain in the legs, 
with unsteadiness in walking a eneral weak- 
ness. During the same period her family noticed 
a coniiteniile change in her behavior: she became 
apathetic and forgetful, slow in her speech and 
in the performance of simple routine tasks, slept 
much during the day, and was sometimes con- 
fused. In July 1954 rd was seen in the outpatient 
department, but aside from retinal signs of arterio- 
sclerosis she showed no neurologic signs. An elec- 
troencephalogram revealed low frequency waves, 
mostly at the rate of 4 c/s, occasionally inter- 
mingled with delta waves or short runs of delta 
waves in the anterior lower frontal regions as well 
as in the left temporal region. At that time an 
impaired cerebral circulation secondary to gener- 
alized arteriosclerosis was considered, and the pa- 
tient underwent symptomatic treatment. Early in 
January 1955 she suddenly fainted for about five 
minutes and from then on her general condition 
became progressively worse; her family noticed 
that she drank a lot of water, and the patient be- 
came incontinent and neglected her personal hy- 
giene. 

On admission she was confused, disoriented as 
to time and place, and did not cooperate. The 
systemic examination was negative. Body tem- 
perature was 36.5° C., average pulse 60 per min- 
ute, and blood pressure 150/90. Owing to the 
lack of cooperation, the visual fields could not be 
obtained. Pronounced arteriosclerotic changes were 
present in both fundi. Except for an Oppenheim 
sign on the right side, there were no other neuro- 
logic abnoralities. During her stay in the hospi- 
tal her general condition deteriorated further, the 
pulse rate was as low as 44 per minute, the blood 
pressure dropped to 90/60, and the body tem- 
perature to 35.2° C. 

Roentgenograms of the skull, thorax, and ab- 
domen were normal. Marked glycosuria was found. 
The fasting blood sugar was 435 mg. per cent, 
cholesterol 305 mg. per cent, and the erythrocyte 
sedimentation rate 66/105. 

Repeated electroencephalograms revealed de- 
terioration of the original findings and suggested 
an active deep-seated midline process, extending 
to the left. “The ssibility of hydrocephalus was 
considered, as wal Lumbar, puncture showed a 
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clear colorless fluid under normal pressure, con- 
taining 62 mg. per cent protein. Pneumoencepha- 
lography revealed considerable distention of the 
lateral ventricles, with a filling defect in the an- 
terior part of the otherwise normal-sized third ven- 
tricle. The aqueduct and fourth ventricle were 
normal. These findings raised the suspicion of a 
space-occupying lesion in the anterior part of the 
third ventricle and, therefore, the patient was pre- 
pared for operation. 

In March 1955, five weeks after admission, a 
right transfrontal craniotomy was performed by 
a transventricular approach, and a cystic mass was 
found to bulge into the lateral ventricle through 
the enlarged foramen of Monro. About 20 cc. of 
dark oily fluid was aspirated and a defect in the 
cyst wall was made for ventricular drainage. 

The postoperative course was very stormy. The 
patient went into coma, a left hemiparesis devel- 
oped, and she died on the ninth postoperative day. 

Autopsy was pertormed about two hours after 
death. Only relevant intracranial findings will be 
noted. The region of the infundibulum was oc- 
cupied by a tumor mass measuring 2 by 1.5 by 
1.2 cm. The tumor consisted of a hard yellowish- 
grey parenchyma encircling a cyst. Microscopic 
examination showed that the cyst wall was formed 
by a pseudostratified epithelium and areas of 
squamous epithelial lining. Also observed were 
nest cells with necrosis, foreign body giant cells, 
and macrophages loaded with steer: & pigment 
granules (figure 4). The content of the cyst con- 
sisted of cholesterol and amorphic deposits. Path- 
ologic diagnosis: Cystic craniopharyngioma. 


DISCUSSION 


Only a few observations of craniopharyngio- 
mas in the aged have been reported. Witt and 
co-workers,! in reviewing the literature on 
incidence in patients more than 60 years of 
age, were able to find only five such instances 
among 454 cases assembled from ten differ- 
ent series. No clinical features were mentioned. 
They added two cases of their own, whose pre- 
senting symptoms related to visual disturb- 
ances. Of 86 intracranial tumors in the aged, 
Pennybacker? found three craniopharyngiomas 
in patients over age 60. Williams and Penny- 
backers reported the case of a patient aged 63 
with a history of progressive failure of mem- 
ory and falling attacks, occasionally associated 
with loss of consciousness. Another case in an 
adult as old as 68 was only briefly mentioned 
by Davidoff and Feiring.* 

In our patients the presence of mental de- 
terioration formed the outstanding clinical 
manifestation and obscured the other less strik- 
ing features. Whether psychic changes are due 
to local pressure on such structures as the 
third ventricle and frontal or temporal lobes 
or to the increased intracranial pressure secon- 


i 

da 
tre 
in 
nit 
pr 

ca 


Ts @ He 


285 a9 


CRANIOPHARYNGIOMAS IN THE AGED 53 


Fic. 1. Case 1. Tumor mass occupying the place of t 


he pituitary gland and compressing the optic chiasms. 


Sagittal section demonstrating a well delimited tumor. Multiple cystic formations are visible. 
Fic. 2. Case 1. Sheets of squamous cells forming nests without cornifications. A pseudostratified epithelial 


cyst is visible. Hematoxylin-eosin stain. 


Fic. 3. Case 1. Cystic formation with epithelial lining, areas of necrosis, and calcifications. Hematoxylin- 


eosin stain. 


Fic. 4. Case 2. Wall of a cyst formed by squamous cell epithelium. Necrotic nest cells are visible. Hema- 


toxylin-eosin stain. 


dary to hydrocephalus is still a matter of con- 
troversy. White and Cobb® reviewed the lit- 
erature with regard to “psychological changes” 
in cases of giant pituitary neoplasms and cra- 
niopharyngioma. These authors stated that the 
presence of mental deterioration usually indi- 
cates suprasellar extension of the tumor and 


involvement of adjacent structures which may 
be of prognostic significance. 

Except for the mental symptomatology evi- 
dent in our patients, the clinical details were 
completely different in each case. Progressive 
failure of vision, as well as signs of pituitary 
and hypothalamic dysfunction and enlarge- 
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ment of the sella turcica, are findings common 
in any intrasellar space-occupying lesion with 
extrasellar extension. On the basis of the afore- 
mentioned findings, a preoperative diagnosis 
of pituitary adenoma was considered in case 1 
because it is the most common lesion of this 
area in old The associated frontal lobe 
symptomatology in this patient (grasping, hy- 
reflexes and signs) may 

ave been due to interference with the blood 
supply, as demonstrated by angiogram. As no 
signs of increased intracranial pressure were 
found (in spite of proved hydrocephalus), in 
this case it is probable that the bradycardia 
and the relative hypothermia and hypotension 
were due to direct involvement of the hypo- 
thalamus. The loss of consciousness i on 
marked the onset of the disease in case 2 is 
another feature worthy of mention. Penfield 
and Jasper® observed similar attacks in two of 
their cases. In one instance, the attacks were 
characterized by falling without loss of con- 
sciousness and in the other by simple loss of 
consciousness. In the absence of objective 
findings, the psychic signs evident in our sec- 
ond patient were explained before her hospi- 
talization on the basis of cerebral arteriosclero- 
sis (as suggested by the retinal picture). After 
air study was performed, a third ventricle tu- 
mor was diagnosed incorrectly. The difficulty 
in the differential diagnosis between brain tu- 
mors and cerebral arteriosclerosis has often 
been discussed.7-* The postoperative shock in 
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case 1, as well as the final outcome in both, 
indicates that patients with hypothalamic le- 
sions and failure of the pituitary gland are in 
no condition to respond to the stress of an in- 
tracranial operation. 


SUMMARY 


Two cases of craniopharyngioma in patients 
aged 60 and 65 are reported. 

A comparison of these cases with those from 
the available literature suggests that there is 
no pathognomonic clinical picture of cranio- 
pharyngioma in the aged. 

Mental deterioration may be the only mani- 
festation and should lead to further investiga- 
tion. 


Suprasellar calcifications have not been dem- 
onstrated roentgenographically, in spite of 
their microscopic evidence. 

In the absence of other objective findings 
the electroencephalogram may ete considera- 
ble localizing value. 


It is suggested that the condition is not as 
rare in advanced age as the paucity of reports 
would suggest, for apparently many such cases 
are unreported or escape detection because of 
their misleading symptomatology. 
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Neurologic Manifestations of Thrombotic 


Thrombocytopenic Purpura 


Joseph L. O’Brien, M.D. and William A. Sibley, M.D.° 


Numerous individual case reports and re- 
views! on thrombotic thrombocytopenic pur- 
ura adequately describing the clinical mani- 

latices and pathologic findings have ap- 

ared in recent years. Nevertheless, throm- 
Fotic thrombocytopenic purpura is a rare dis- 
ease, since only about 100 cases have been 
reported. Therefore, it is relatively unfamiliar 
to many neurologists. Since patients with this 
disease are often seen by the neurologist, 
either initially or in consultation, because of 
the prominence of neurologic manifestations, 
we have considered it advisable to review a 
series of 11 cases examined at the Columbia- 
Presbyterian Medical Center. 

Moschowitz? in 1925 first described the 
pathologic findings in one case which mani- 
fested many of the clinical findings that are 
now associated with this illness. He termed 
it “an acute febrile pleiochromic anemia with 
hyaline thrombosis of the terminal arterioles 
and capillaries.” With the addition of other 
cases to the literature, there has been an evo- 
lution of a rather typical clinical picture and 
a better understanding of the sledge fea- 
tures. There would seem to be three underly- 
ing processes in the disease: 1) thrombosis of 
small blood vessels, 2) hemolytic anemia, and 
3) thrombocytopenic purpura. In any one case 
the symptoms and signs are produced by a 
combination of all three processes, any one 
of which may be more in evidence than the 
others. 

The basic lesion is the occlusion of numer- 
ous arteries, arterioles, and capillaries by an 
amorphous hyaline material. Venules may be 
affected occasionally. The involved vessels 
may be located in any or all organs and tis- 
sues, but the heart, kidney, and brain are the 
most heavily affected. The nature of the throm- 
botic matter has not yet been ascertained. 
Most of the early investigators considered it 
to be composed of agglutinated platelets be- 
cause of the similarity of the staining proper- 
ties of the hyaline material and platelets.‘ 
More recent workers, however, have raised the 
question whether the thromboses may not 
occur secondary to a primary lesion in the 
walls of the involved vessels. Gore® has de- 
scribed changes in the walls of the vessels 


beneath the epithelium, consisting of a collec- 
tion of hyaline material which is thought later 
to protrude into the vessel lumen where plate- 
lets accumulate on its surface. Endothelial 
proliferation may then recover the surface of 
the hyaline mass. Orbison® noted dilatation of 
the occluded portions of the small arterioles, 
with the development of minute aneurysms. 
By the use of reconstructed serial sections he 
has shown that these aneurysms occur at the 
arteriolar-capillary junction. The endothelial 
Pee associated with this syndrome 
requently occurs in the area of the occlusion 
but may also be found unassociated with a 
thrombus. This also suggests the likelihood of 
an initial vascular lesion. 

Hemolytic anemia, the second feature of 
the syndrome, is at times severe and is prob- 
ably due to the action of an extracorpuscular 
hemolytic mechanism.*? Transfused corpuscles 
from normal donors are rapidly destroyed. 
Reticulocytes and other immature red cell 
forms appear in the blood and spherocytes are 
often seen. An increase in the mechanical 
and osmotic fragility of the cells has been 
found,” but the Coombs test indicating the 

resence of globulin antibodies has usually 
negative.':7.° In response to the anemia, 
erythroid hyperplasia of the bone marrow is 
a usual finding. 

Thrombocytopenia is the third feature of 
the malady. The platelet count is frequently 
in the range of 20,000 to 40,000 per cu. mm. 
and the bleeding time is prolonged. The fate 
of the lost platelets is not known, but it has 
been postulated that their incorporation in the 
arteriolar thrombi may be the cause of their 
depletion.‘ It is more likely, however, that the 
thrombocytopenia is due to the presence of an 
as yet unidentified platelet autoagglutinin’® 
and/or to decreased production of platlets.1 

Singer? reported that the disease occurs with 
equal frequency in males and females. It has 
been found in both Negroes and whites. Pa- 
tients from nine and one-half to 69 years of 
age have been affected. Singer divided the 
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disease into an acute and chronic form but 
was able to find only two cases in the literature 
which fitted into the later classification.!?:14 

The disease is frequently said to have its 
onset following a mild respiratory infection, 
although the relationship of this to the illness 
is not known. The first complaints are often 
vague but they are occasionally directly related 
to the central nervous system. Headache, gen- 
eralized weakness, anorexia, nausea, vomiting, 
dizziness, abdominal pain, arthralgias, and 
blurred vision were noted in the present series. 
Following this, alteration in mentation, apha- 
sia, convulsions, and weakness of the extrem- 
ities have been noted, as well as pallor, hem- 
aturia, purpura, and jaundice. Lethargy fol- 
lows val the patient soon lapses into coma and 
expires. The illness usually lasts from a few 
days to several months, although a relapsing 
course of as long as three years has been re- 
ported.12.18 


CASE PRESENTATIONS 


A brief summary of five previously unreport- 
ed cases will serve to point out the main clin- 
ical and pathologic features of the disease. 

Case 7. A 47 year old white female secretary 
was admitted to the Neurological Institute on 

une 14, 1954 with a complaint of generalized 
eadaches for two weeks. Otherwise she had been 
well until three or four days before admission 
when she developed bilateral numbness of the 
face and began to have episodes of twisting of the 
mouth, thick speech, and weakness of various ex- 
tremities. On the day of admission she was unable 
to speak or write for a period of time. No history 
of ae or drug ingestion was elicited. 

On admission the patient was drowsy, confused, 
and uncooperative, with temperature 101.0°, 
pulse 100, and blood pressure 120/70. There were 
ecchymoses over the upper and lower extremities. 
On neurologic examination the reflexes on the left 
were more active than on the right, although no 
abnormal reflexes were noted. The remainder of 
the examination was normal. 

Laboratory findings. The hemoglobin was 4.2 
gm. per 100 ml.; erythrocytes 1,900,000 per cu. 
mm; leukocytes 9,000 per cu.mm., with 85 per 
cent neutrophils, 10 per cent lymphocytes, 4 per 
cent myelocytes, and 1 per cent eosinophils. Aniso- 
cytosis, poikilocytosis, macrocytosis, and polychro- 
masia were found in stained smears. A few nu- 
cleated red cells were also seen. The platelets 
numbered 35,000 per cu.mm. Reticulocyte count 
was 14 per cent. On examination of the urine, 
there was 1+ albumin, 3+ glucose, and a mod- 
erate number of white blood cells. Bilirubin con- 
tent of the blood was 0.9 mg. per 100 ml. Sedi- 
mentation rate was 30 mm. per all A lupus ery- 
thematosus preparation was negative, as was the 
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direct Coombs test. Prothrombin time was 14 sec- 
onds (normal 14 seconds). On osmotic fragility 
testing hemolysis began at 0.44 per cent and was 
complete at 0.28 per cent (normal 0.42 to 0,30 

r cent). Clotting time was seven minutes. The 

ne marrow showed marked erythroid hyperpla- 
sia. The cerebrospinal fluid was not examined. 

Course. The patient became disoriented and re- 
quired the use of restraints. On June 22 she was 
noted to have a right hemiparesis, with bilateral 
Babinski signs. There was facial grimacing and 
marked salivation. On July 22 she lapsed into 
coma and remained in this state until her death on 
August 4. The course was febrile, with the tem- 
perature reaching 105.0° terminally. For the first 
nine days following admission she was treated with 
cortisone 300 mg. once a day and with ACTH 
40 mg. once a day for the next three days. Four 
transfusions of 500 ml. each were also adminis- 
tered. None of the therapy had any apparent 
effect. Postmortem examination was not performed. 

Although an autopsy was not obtained in this 
case, the clinical and laboratory findings would 
seem to point quite clearly to the diagnosis of 
thrombotic thrombocytonic purpura. The hemo- 
lytic anemia, thrombocytopenia, and prominence 
of neurologic signs are typical of this syndrome. 
Hereditary, idiopathic, and symptomatic hemolytic 
anemias as well as drug reaction seem to be ruled 
out by the negative family history, the absence of 
drug ingestion, the negative Coombs test, and the 
severity of neurologic involvement. The possibility 
of lupus erythematosus or periarteritis nodosa pre- 
senting with a predominantly hematologic picture 
remains. Again the type of neurologic manifesta- 
tions, the negative L.E. test, and ‘lack of other 
signs or symptoms of these two collagen diseases 
would militate against their presence. Therefore, 
the diagnosis would seem to be thrombotic thro- 
bocytopenic purpura. 

Case 8. A 45 year old Negro truck driver was 
admitted to Presbyterian Hospital on April 12, 
1955 because of disorientation for 12 hours. One 
week before admission he developed anorexia, nau- 
sea, and vomiting. These symptoms were present 
intermittently until the time of entry. Hema- 
turia was noted for the four days preceding ad- 
mission. On the morning of admission the patient 
became incoherent and restless. The past history 
is significant in that the patient had been addicted 
to heroin, for which he was treated in 1953 at the 
United States Public Health Center in Lexington, 
Kentucky. Following discharge he became ad- 
dicted to morphine and at the time of admission 
was taking 120 mg. of morphine intravenously 
every day. 

On examination the patient was well developed 
but dehydrated. The sclerae were icteric. Tem- 
perature was 102.0°, pulse 88, and blood pressure 
150/60. The skin over the arms, abdomen, thighs, 
and buttocks was covered with crater-like scars 
from infected needle puncture sites. A fresh punc- 
ture wound was present on the volar surface of 
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the left forearm. A gallop rhythm was present. 
On neurologic he was 
inattentive, and restless. His speech was incoher- 
ent. The left pupil was larger than the right but 
reactive. The remainder of the examination was 
unremarkable. 

Laboratory findings. The hemoglobin was 8.5 
gm. per 100 ml.; erythrocytes 2,250,000 per cu. 
mm.; leukocytes 12,000 cu. mm., with 76 per 
cent neutrophils, 21 per cent lymphocytes, and 
3 per cent monocytes. There was anocystosis and 
ickling of the red cells. The platelets numbered 
24,000 per cu.mm. A sickle-cell preparation was 
negative. Reticulocyte count was 17 per cent. 
There was 2+ albumin, 1+ glucose, 50 red cells, 
and an occasional white cell in the urine. Sedi- 
mentation rate was 25 mm. per hour. Fasting 
blood sugar was 159 mg. per 100 ml. and bili- 
rubin was 4.6 mg. per 100 ml. Thymol turbidity 
and cephalin flocculation were both negative. Pro- 
thrombin time was 13 seconds. Bleeding time was 
nine minutes. Direct Coombs test was negative. 
Blood cultures were negative. Bone marrow 
showed erythroid hyperplasia. The cerebrospinal 
fluid was under a pressure of 110 mm. of water. 
It contained one lymphocyte and a protein of 
54 mg. per 100 ml. Serologic test for syphilis was 
negative, as was the lupus erythematosus prepara- 
tion. There was mild diffuse slowing without 
clearcut focal signs in the electroencephalogram. 

Course. During the first three days of hospi- 
talization the patient remained restless and dis- 
oriented, requiring large doses of sedation. On 
the morning of the third day he was found to be 
alert, cooperative, and oriented. His memory was 
poor, however, and he was unable to calculate. 
There was ataxia in the upper and lower extremi- 
ties on the right. The patient remained in good 
condition throughout the day, but in the evening 
he had a generalized seizure followed by coma. 
During the coma there was rigidity of all extrem- 
ities with hyperactive reflexes in the lower extrem- 
ities and bilateral Babinski signs. The patient ex- 
pired on April 16, about eight hours after the seiz- 
ure, with a temperature of 106.0°. An autopsy 
was performed. 

Case 9. A 32 year old Puerto Rican housewife 
was admitted to Presbyterian Hospital on August 
14, 1955 because of joint pains for one week. 
She had been well until August 8, when she de- 
veloped a sore throat, anorexia, arthalgias, and 
ankle edema whick persisted until admission. On 
the day prior to entry her vision became blurred 
and she developed a mild frontal headache. The 
patient was in the sixth month of an uneventful 
pregnancy and had had one previously normal 
pregnancy 11 years before. In 1947 she had an 
appendectomy and removal of an ovarian tumor 
and in 1949 an exploration of the right kidney, 
both in another hospital. 

On admission she was pale and lethargic with 
a temperature of 99.8°, pulse 88, and blood pres- 
sure 160/100, There was a loud harsh precordial 


lic murmur. Liver and —_ were not pal- 


lepharospasm were 


trigeminal nerve, and a right homonymous 
mianopia was present. The remainder of the ex- 
amination was unremarkable. 

Laboratory findings. The hemoglobin was 8.7 
gm. per 100 ml.; erythrocytes 2,400,000 per cu. 
mm.; leukocytes 12,000 per cu. mm., with 69 
cent neutrophils, 30 per cent lymphocytes, and 1 
per cent monocytes. There was h hromia, 
macrocytosis, and polychromasia in the stained 
smears of the blood. There were 15 nucleated red 
cells per 100 white cells. The platelets numbered 
32,000 per cu.mm. Reticulocyte count was 12 
per cent. The urine contained 2+ albumin, many 
red cells, and 15 white cells per high-power field. 
Bilirubin was 0.5 mg. per 100 ml. A lupus ery- 
thematous pi ation was negative. Direct and 
indirect Coombs tests were negative and no saline 
or albumin agglutinins were present. Prothrombin 
time was 14 seconds. Bleeding time was one min- 
ute and 15 seconds. Blood cultures were nega- 
tive. Bone marrow showed mild erythroid hyper- 
plasia. The cerebrospinal fluid was under a pres- 
sure of 140 ml. and a Kolmer test on the fluid 
was negative. The gamma globulin was 18 per 
cent (normal below 13 per cent). An electroen- 
cephalogram was abnormal because of slowing and 
poor organization. 

Course. On the day following admission the 
patient delivered a still-born macerated fetus. 
Shortly after this she lost all vision and lapsed into 
coma. Petechiae were noted over the trunk and 
extremities. Terminally her reflexes became hy- 
peractive and there were bilateral Babinski signs. 
Several hours before death she had a number of 
transient episodes of extensor rigidity. Two blood 
transfusions of 500 ml. each did not alter the 
course of the illness and she died on August 19, 
1955. An autopsy was performed. 

Case 10. A 60 year old Negro housewife was 
admitted to Presbyterian Hospital on September 
17, 1955. The patient had apparently been well 
until the week 9 admission when she began 
to complain of nausea, vomiting, blurred vision, 
and bilateral frontal headaches. She also had sev- 
eral episodes of confusion. For seven years the 
patient had had hypertension, with pressures rang- 
ing as high as 220/120. For this condition she had 
taken various unidentified antihypertensive drugs. 

On examination the patient was lethargic and 
confused. Temperature was 99.4°, pulse 84, and 
blood pressure 144/80. Arteriosclerotic retinopa- 
thy was present. There was an apical presystolic 
murmur and an aortic systolic murmur. The first 
mitral sound was loud. The liver was questionably 
enlarged and the spleen tip was palpable. The 
patient demonstrated an organic mental syndrome 
characterized by perseveration and an inability 
to follow two-stage commands. The remainder of 
the examination was normal. 
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Laboratory findings. The hemoglobin was 6.9 
gm. per 100 ml., erythrocytes 2,100,000 per cu. 
mm., and leukocytes 14,150 per cu. mm., with 78 
per cent neutrophils, 13 per cent lymphocytes, 
3 per cent eosinophils, 3 per cent monocytes, and 
3 per cent premyelocytes. There was anisocytosis, 
polychromasia, spherocytosis, and sickling of the 
red blood cells. There were four nucleated red 
cells per 100 white cells. The platelets numbered 
29,000 per cu.mm. Reticulocyte count was 14 
per cent. The urine contained 44 albumin, 1+ 
glucose, 8 red cells, 2 white cells, and casts in 
each high-power field. Sedimentation rate was 
65 mm. per hour. Cephalin flocculation and thy- 
mod turbidity tests were negative. Blood urea ni- 
trogen was 62 mg. per 100 ml. Prothrombin 
time was 14 seconds. Both the direct Coombs test 
and a lupus erythematosus preparation were nega- 
tive. Mechanical fragility was 8.8 per cent (nor- 
mal 1.0 to 5.0 per cent). On osmotic fragility 
testing, hemolysis began at 0.675 per cent and 
was complete at 0.325 per cent. Blood cultures 
were negative. The cerebrospinal fluid was under 
a pressure of 200 mm. of water. The fluid was 
slightly xanthochromic and contained 46 red cells 
per cu.mm. The protein content was 64 mg. per 
100 ml. and the serology test was anticomplemen- 
tary. 

Course. There was a steady progression of the 
organic mental syndrome, with eventual lapse into 
coma and death on September 25. While in coma 
she had several left-sided seizures. Purpura was 
never noted. During the four days prior to her 
death she was treated with hydrocortisone 200 
mg. once a day without alteration in the course 
of her illness. An autopsy was performed. 

Case 11. A 31 year old Negro housewife was 
admitted to Presbyterian Hospital on December 
28, 1956 because of urinary urgency and fre- 
quency for one week. She was in the ninth month 
of an uneventful pregnancy, with an expected con- 
finement date of January 23, 1957. This was her 
first pregnancy. During the two days before ad- 
mission she had developed recurrent low back 
pain, facial puffiness, and bleeding from the gums 
and lips. On routine prenatal examination in No- 
vember 1956 a positive Kolmer test and a positive 
treponemal immobilization test were obtained. 
The patient was given 14.4 million units of peni- 
cillin in 2 per cent aluminum monostearate over 
a five-week period. 

On examination the patient was alert and well 
nourished with temperature 98.6°, pulse 86, res- 
pirations 20, and blood pressure 110/70. Tender- 
ness was present in the left costovertebral angle. 
Uterine contractions were felt, but no fetal heart 
beat was heard. The remainder of the examina- 
tion was unremarkable. 

Laboratory findings. The hemoglobin was 5.9 
gm. per 100 ml.; erythrocytes 1,920,000 per cu. 
mm.; leukocytes 7,950 per cu.mm., with 71 per 
cent neutrophils, 21 per cent lymphocytes, 1 re 
cent myelocytes, 1 per cent eosinophils, and 6 


per cent monocytes. Anisocytosis, poikilocytosis, 
macrocytosis, and spherocytosis were found on 
stained smears. Six nucleated red cells 100 
red cells were seen. The platelets numbered 36,000 
per cu.mm. A sickle-cell preparation was nega- 
tive. Reticulocyte count was 2.2 per cent. There 
were many red cells and a 2+ albumin in the 
urine. Bilirubin was 1.1 mg. per 100 ml. Both 
the thymol turbidity and cephalin flocculation tests 
were negative. Prothrombin time was 12 seconds. 
The direct and indirect Coombs tests were nega- 
tive. There were no saline or albumin agglutinins 
present. Two lupus erythematosus preparations 
were negative. Several stools were tarry and con- 
tained blood. The bone marrow showed erythroid 
hyperplasia. 

Course. On the day following admission the 
patient delivered a_ still-born macerated fetus. 
During the next several days subconjunctival hem- 
orrhages developed and lethargy appeared. On 
the sixth day of hospitaliaztion she was found to 
be totally aphasic, with inability to speak or to 
follow commands. The left pupil was larger than 
the right but the remainder of the neurologic 
examination was unremarkable. On the next day 
she was more alert and the aphasia was less. She 
rapidly became unresponsive, lapsing into coma, 
and ecchymoses appeared. The entire course was 
febrile and her temperature was 101.6° shortl 
before death on January 5, 1957. Despite the ad- 
ministration of 11 blood transfusions of 500 cc. 
each, together with hydrocortisone 100 mg. once 
a day for two days and then prednisone 240 mg. 
once a day for five days, there was no alteration 
in the course of the illness. Dilantin 0.4 gm. once 
a day had been given for the last five days of life. 
An autopsy was performed. 

ANALYSIS OF CASES 
Clinical Findings 

The chief features of these five cases, in 
addition to those from six cases reported pre- 
viously from this institution,’ are outlined in 
table 1. The neurologic manifestations are 
summarized in table 2. 

The ages of the patients ranged from 16 
to 60 years, with eight of them between 30 
and 50 years of age. Three of the patients 
were Negroes and the remaining eight white. 
Eight patients were female and two of these 
were pregnant at the onset of their illness. 
The entire length of the illness varied from 
six days to 21 months. Practically all patients 
had some symptoms referable to the central 
nervous system during the course of the illness 
and all eventually died in coma. Frequently 
it was the neurologic difficulty which first 
brought the patient to the hospital. In six of 
the ten cases the first complaint was headache, 
while another complained initially of blurred 
vision. One of the remarkable findings was 
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TABLE 2 


NEUROLOGIC MANIFESTATIONS IN ELEVEN CASES OF THROMBOTIC THROMBOCYTOPENIC PURPURA 


Number of 
Cases Signs and Symptoms 
10 Alteration in mentation (confused, restless, drowsy, hyperactive, inattentive, and disoriented ) 
6 Sei (g lized in 5, focal in 1) 
a Aphasia 
3 Blurred vision 
3 Paresis (hemiplegia in 2, monoplegia in 1) 
2 Papilledema 


the alteration in mentation which was dis- 
ors by ten of the patients. This could best 
classified as a delirium, for the patients 
were described as confused, restless, drowsy, 
hyperactive, inattentive, and disoriented. In 
all but two cases these alterations were pro- 
gressive and preceded the development of 
coma. Case 11 had a slight transient improve- 
ment and case 8 reverted to an almost normal 
mental state but had a seizure and lapsed into 
coma. Aphasia was present in four cases. 

Seizures were an outstanding feature of the 
illness and occurred in six patients. The seiz- 
ures were all generalized with the exception of 
one (case 7) in which there were focal fits of 
varying motor and sensory origin. An addi- 
tional patient had recurrent episodes of decere- 
brate rigidity terminally. Seizures were often 
a late sign; in three instances the convulsion 
heralded the onset of terminal coma. 

Blurred vision was a complaint in three pa- 
tients. One of these (case 9) had a right ho- 
monymous hemianopia when first examined. 
Over the next few days this progressed to total 
blindness. Her fundi were not abnormal and 
at necropsy the cortex showed severe involve- 
ment in both calcarine areas. Although the 
fundi in the other two patients were normal, 
the cause of the blurred vision was not inves- 
tigated further. Papilledema was noted in two 
other patients and pupillary changes were seen 
in an additional three cases. 

In spite of the plethora of central nervous 
system signs, there were only two patients who 
developed hemipareses and another had a 
slight facial wis and transient weakness 
of an upper extremity. Alterations in the reflex 
pattern and the occurrence of an abnormal 
aera response were not unusual. Case 9 

ad hypalgesia over the first and second divi- 
sions of the trigeminal nerve on the right. Al- 
though the symptoms in general were progres- 
sive, there were two notable exceptions. Cases 
8 and 11 returned from delirium to an im- 
proved mental state and case 4 showed im- 
provement of a hemiparesis. 


Lumbar puncture was performed in six pa- 
tients. The fluid was slightly xanthochromic 
in two instances but was never bloody. The 
cell counts were all within normal limits and 
the highest protein recorded was only 64 mg. 
per 100 ml. A gamma globulin determination 
was performed in one instance (case 9) and 
found to be 18 per cent (upper limit of nor- 
mal is 12 per cent). 

Electroencephalograms were taken on three 
patients and were diffusely abnormal in two, 
while case 4, who had a left hemiparesis, 
showed a slow-wave focus on the right. 

In all cases there was evidence of a severe 
hemolytic anemia and thrombocytopenia. The 
direct Coombs test and the lupus erythema- 
tosus preparations were negative in six cases. 
Mechanical and osmotic fragility were in- 
creased in one instance, while the osmotic 
fragility was normal in another case. Case 10 
had filter paper electrophoresis performed on 
the hemaghiite which was normal. 

Cortisone, 300 mg. once a day, was used for 
nine days and ACTH, 40 mg. once a day, for 
three days to treat case 7 without benefit. Hy- 
drocortisone, 200 mg. once a day, was admin- 
istered to case 10 for four days prior to death 
without altering the course of the disease. 
Case 11 received hydrocortisone, 100 mg. once 
a day, for two days and then prednisone, 240 
mg. once a day, for five days without improve- 
ment. 

Pathologic Findings 

Autopsies were performed in ten of the 11 
cases. The postmortem findings in six of the 
cases have previously been reported by Vassar 
and Spain'* and the results of the examina- 
tion in the four remaining cases were not dis- 
similar. They will be summarized together in 
the following paragraphs. 

Grossly there were few abnormalities seen. 
Splenomegaly and small hemorrhagic areas 
were common findings. Cardiac valvular vege- 
tations were present in four cases. On micro- 
scopic examination the basic pathologic proc- 
ess characteristic of this syndrome was noted 
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Fis. 1. 


orrhage. Hematoxylin eosin stain. 


Photomicrograph of an arteriole in the gray matter of the midbrain, showing endothelial hyperplasia 
without the presence of hyaline material. The vessel is still patent and surrounded by a small area 


of hem- 


Fic. 2. Photomicrograph of an arteriole in the gray matter of the cerebral cortex, showing both endothelial 
hyperplasia and the occluding hyaline thrombus. Hematoxylin eosin stain. 


in all cases. This was composed of two fea- 
tures. One was the presence of the occluding 
masses of hyaline material in the small ar- 
teries, arterioles, capillaries, and occasionally 
venules. The other was the endothelial hyper- 
plasia in the walls of both the occluded ves- 
sels and at times also those not containing the 
hyaline substance. Although many organs were 
implicated by these changes, the brain, heart, 
and kidneys were involved in every case ex- 
amined. The thrombotic material was an amor- 
phous eosinophilic staining substance, and the 
walls of the vessels containing this material 
were frequently dilated and thin walled. In 
many instances the thrombi showed evidence 
of organization, giving credence to the theory 
that the lesions may occur in showers and also 
iving a possible explanation to occasional 
uctuation of signs and symptoms. 

In the myocardium, thrombosis of the ves- 
sels was associated with necrosis and fibrosis 
of surrounding areas. Kidney lesions were 
mainly in the cortical areas and occasionally 
the glomerular tufts were affected. In most 
of the cases the remaining abdominal organs 
and the striated muscles were involved less 
frequently. The bone marrow was hyperplastic 
in all instances. 

In six cases where examination of the cen- 
tral nervous system was performed, the typical 
vascular lesions were noted in all cases (fig- 
ures 1 and 2). As has been observed by Adams 
and associates,)> the vessels of the gray matter 
of the hemispheres and the brainstem were 
most involved. In three cases (cases 5, 9, 10) 
the vessels of the white matter were implicated 
in varying degrees. In these cases it was 


mainly the subcortical white matter adjacent 
to marked cortical involvement which was af- 
fected. In one patient (case 9) the lesions 
were severe enough to produce softening of 
the brain in the left occipital pole. The gray 
matter surrounding the thrombotic arterioles 
and capillaries demonstrated changes varying 
from ischemic necrosis of the ganglion cells 
with a loss in their number to areas of cystic 
degeneration. Some of the more acute lesions 
contained polymorphonuclear cells, while in 
some older lesions og | degrees of astro- 
cytosis were noted. The finding of petechial 
hemorrhages in the acutely involved areas was 
not uncommon, and, in one instance, a small 
subarachnoid hemorrhage was observed. The 
petechial hemorrhages were limited to the gray 
matter in all instances. Thrombotic lesions in 
the white matter caused swelling and fragmen- 
tation of axons. The spinal cord was examined 
histologically in two cases and was normal. 

It was difficult in most instances to correlate 
clinical findings with the pathologic changes. 
However, in case 9 the bilateral severely in- 
volved calcarine areas accounted for the pa- 
tient’s blindness. In general, the clinical pic- 
ture of delirium, aphasia, seizures, and blurred 
vision can be explained by cortical lesions. Al- 
terations in the state of consciousness are prob- 
ably based on a combination of cortical and 
brainstem lesions. 


DISCUSSION 
Etiology 


The — of thrombotic thrombocytopenic 
purpura is unknown. Because it was originally 
thought that the vascular lesions were similar 
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to those produced in the Shwartzman phe- 
nomenon,'® an allergic etiology was hypothe- 
sized. On a number of points, however, there 
are differences between the two phenomena. 
Singer® remarked that the Shwartzman phe- 
nomenon takes place in venules with an initial 
hemorrhagic lesion. This is followed by leuko- 
cytic infiltration of the vessels and the platelets 
thrombose as a result of this inflammation.17 
This is unlike thrombotic thrombocytopenic 
purpura, in which Gore® has demonstrated an 
initial subendothelial change from which the 
thrombotic material appears to have its origin. 
Nevertheless the disease has been found in 
patients sensitive to various drugs, including 
the sulfonamides'*.'® and possibly iodine.*° 
Symmers*! reported a case associated with sen- 
sitivity to oxophenarsine which was accom- 
anied by acute hemorrhagic leukoencepha- 
itis. Recently there has been an attempt to 
relate the illness to the group of collagen dis- 
eases. Approximately five cases have now been 
described in which the thrombotic syndrome 
has been associated with the “wire loop” kid- 
ney changes and various other findings of lupus 
erythematosus.**-** A case of periarteritis no- 
dosa with platelet thrombi has been reported 
by Symmers and Gillett.*° In discussing the 
relationship between the platelet thrombosis 
syndrome and the collagen diseases, Beigel- 
man*? pointed out that lupus, periarteritis, and 
platelet thrombosis may each be a different 
response to the same type of reaction, depend- 
ing on the portion of the vessel affected. Thus, 
if the perivascular mesenchyme is the shock 
organ, lupus results; if it is the vessel wall, 
periarteritis occurs; and when the intima is 
the region responding, the thrombotic syn- 
drome results. This is an attractive but, of 
course, an unsubstantiated theory. There have 
also been cases of thrombotic thrombocytope- 
nic purpura occurring in siblings of patients 
with lupus erythematosus’.?* and _periarteritis 
nodosa.27_ Lazlo and co-workers?4 pointed out 
that the vegetations of non-verrucous endo- 
carditis found in some cases of thrombotic 
thrombocytopenic purpura are similar to those 
found in lupus. In further investigations of 
this illness, therefore, this possible relationship 
will continue to remain an important factor 
to be considered. 

In addition to the two women in the pres- 
ent series who developed thrombotic thrombo- 
cytopenic purpura during pregnancy, Miner, 
Nutt, and Thomas** have also reported a case 
in which the condition occurred during preg- 
nancy. Pritchard, Weisman, Ratnoff, and Vos- 


burgh?® studied three women who had throm- 
bocytopenia, hemolytic anemia, and seizures 
in association with toxemia of pregnancy. One 
of the patients recovered and the histologic 
findings in the other two were consistent with 
either eclampsia or lupus erythematosus but 
not thrombotic thrombocytopenic purpura. 


DIAGNOSIS 


As has been noted above, the neurologic 
signs and symptoms of thrombotic thrombo- 
cytopenic purpura may be either the main 
manifestation of the illness, the first manifes- 
tation, or both. In every case studied the cen- 
tral nervous system showed some degree of 
involvement. Because of this, the neurologist 
will frequently be called upon for help in 
diagnosis and he should have some familiarity 
with the syndrome. When initially seen the 
is usually found to have both a hemo- 
ytic anemia and a thrombocytopenia com- 
bined with neurologic signs. The signs and 
symptoms of the central nervous system in- 
volvement are most often those of a diffuse 
lesion of the gray matter. The common find- 
ings therefore are seizures, aphasia, cortical 
blindness, and an organic mental syndrome. 
Alterations in the reflex pattern and severe 
pyramidal tract disturbances, such as a hemi- 
paresis, may be seen. Although fluctuation of 
the neurologic signs is said to be usual, this 
was not a constant feature in the present series. 

If the triad of hemolytic anemia, thrombo- 
cytopenia, and neurologic involvement is kept 
in mind, the diagnosis should not be difficult. 
There are only a few other diseases which 
must be considered in the differential diag- 
nosis. The greatest difficulty will be encoun- 
tered in distinguishing it from the symptomatic 
hemolytic anemias which are associated with 
malignancy, leukemia, Hodgkin’s disease, lupus 
erythematosus, and periarteritis nodosa. Occa- 
sionally each of these may be accompanied by 
a marked thrombocytopenia and neurologic 
signs. In these diseases, however, the systemic 
manifestations as well as the results of labora- 
tory tests should provide help in the diagnosis. 
In addition, the nervous system involvement 
in these illnesses is usually different from that 
observed in thrombotic thrombocytopenic pur- 
pura. A transient but similar clinical picture 
has been observed in association with bac- 
teremia and blood should always be taken for 
culture.°° 

In Hodgkin’s disease, carcinoma, and leu- 
kemia the neurologic manifestations are caused 
by direct invasion of the brain, the cord, or 
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their coverings by the disease process. In 
leukemia cerebral hemorrhages are seen occa- 
sionally. In periarteritis the usual neurologic 
finding is a peripheral neuritis, although in- 
volvement of the central nervous system can 
be seen rarely. Lupus erythematosus produces 
focal neurologic signs late in its course, but the 
other manifestations of the illness should serve 
to differentiate it from thrombotic thrombo- 
cytopenic purpura. In those instances where 
the diagnosis is not clear, biopsy examination 
with a demonstration of the danuittie his- 
tologic changes should settle the issue. Sym- 
mers*! feels that a combined rib, muscle, and 
skin biopsy may be the method of choice. In 
cases 7, 8, 9, 10, and 11 the diagnosis of 
thrombotic thrombocytopenic purpura was 
made before death. In case 7, although no 
confirmatory histologic study was performed, 
the picture was considered typical enough to 
include the case in this series. 


TREATMENT 


Treatment has been almost uniformly unsat- 
isfactory. Singer’? has made an extensive re- 
view of therapy and has been able to make 
few recommendations. Anticoagulants have 
been used in an attempt to prevent the throm- 
bi from developing, but these compounds may 
actually cause further bleeding in the presence 
of thrombocytopenia. Both platelet and blood 
transfusions are of value from a supportive 
standpoint, but the platelets are removed rap- 
idly from the circulation and the cells are 
destroyed by the hemolytic mechanism. Anti- 
convulsant medication may be useful in pre- 
venting seizures which occur so frequently in 
this illness). ACTH and cortisone have been 
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@ Palsy chiefly consists in the loss of the power of voluntary motion, for sensation 
in a greater or less degree generally remains; nay in certain cases it is morbidly 
increased. I have seen several instances in which paralytic persons have felt very 


violent pain in the 


arts affected, particularly in the shoulder and arm. These re- 


marks might be confirmed by quotations from various authors. —I never saw a case 
of palsy in which sensation was entirely lost; and an eminent physician of great 
experience asserts that a total loss of feeling in this disease is extremely rare. The 
other senses are often but little injured; sometimes they remain wholly unimpaired, 


and several instances might be adduced in which they appeared to be preternaturally 


acute. 
so exquisite as to furnish ye ge 
tions one case in which all 


Dr. Heberden attended a — person, whose sense of smelling became 
occasions of disgust and uneasiness; an 
the senses became exceedingly acute. 


he men- 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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SYMPOSIUM OF INQUIRY 


What We Need to Know 


About Muscle 


H. Stanley Bennett, M.D., Albert Szent-Gyorgyi, M.D. 
Dereck Denny-Brown, M.D. and Raymond D. Adams, M.D. 


MODERATOR: The research committee of the 
American Academy of Neurology welcomes 
you to the third Symposium of Inquiry. This 
annual evening meeting, which was begun 
as an effort to stimulate more widespread in- 
terest in research, has proved popular, and 
the large attendance tonight testifies to the 
importance of this year’s subject and to the 
prominence of the panel of speakers. The 
topic is: “What We Need to Know about 
Muscle.” 

In opening this symposium, I call to your 
attention that the committee, in selecting 
muscle as the subject for presentation, recog- 
nized the magnitude of the task requested of 
our eminent speakers, and attained their par- 
ticipation with an understanding that only 
portions within their respective disciplines 
would be selected for discussion. We are 
privileged to have a most distinguished panel. 
Dr. H. Stanley Bennett will present morpholo- 
gy; Dr. Albert Szent-Gyorgyi, biochemistry; 
Dr. Derek Denny-Brown, physiology; and Dr. 
Raymond D. Adams, 

Although diseases of muscle are not com- 
mon, most of them are without well established 
cause and no satisfactory therapy has been 
determined. In one sense it is remarkable 
that a tissue of such bulk and of such highly 
differentiated function should be as free of 
defect and disorder as is muscle. It is also 
remarkable that, in spite of its size and im- 
portance, relatively little is known about nor- 
mal muscle. Possibly an explanation for some 
of these considerations may be found in the 
absolute dependence of the organism on the 
effector organ and in the ontologic age of 
muscle. Contractility is almost synonymous 
with life itself. The first speaker is Dr. Ben- 
nett, professor of anatomy at the University 
of Washington, Seattle. 

DR. H. STANLEY BENNETT: It would appear 
that the American Academy of Neurology, in 


— Moderator: Augustus S$. Rose, M.D. 


enlisting the participation of members of this 
— confronted them with a difficult chal- 
enge. I feel prompted to protest that, in 
science, one can see dimly only a short dis- 
tance into the unknown, and I doubt if we are 
really in a strong position for formulating very 
definitive concepts about “what we need to 
know.” But in broad terms, I believe one 
can point out the framework upon which an 
Praag of muscle structure, muscle 
function, and muscle disease must ultimately 
be supported. This is the framework of quan- 
tum mechanics. 

The labors of many minds have brought us 
to the view that in muscle contraction impor- 
tant interactions occur between proteins, such 
as actin and myosin, and smaller compounds, 
such as adenosine triphosphate or creatine 
phosphate. Here we may remind ourselves 
that precise structural studies of simple com- 
pounds, such as the hydrogen, water, and ben- 
zene molecules, have been of decisive impor- 
tance in permitting the formulation of an un- 
derstanding of the intramolecular bonding 
forces operative in the molecules and of their 
interactions with neighboring chemical con- 
figurations. So also an understanding of the 
detailed molecular and electronic anatomy of 
ATP, of creatine phosphate, or of choline 
phosphate can be expected to yield concepts 
essential for satisfactory correlation of form 
and function at the molecular and electronic 
levels. 

Thus, we may ask, what is there about the 
molecular structure of the nucleotide which 
makes this strange triad of heterocyclic base, 
pentose, and phosphate so important in physi- 
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ology? What is there about the anatomic dis- 
position of electron orbitals in these trinitarian 
compounds? What is there about the behavior 
of their electrons, in excited and in ground 
states, which endows nucleotides in so many 
variant forms with such important places on 
the honor roll of metabolic governors, messen- 
gers, and participants? What are the impor- 
tant common features of electronic anatomy 
and behavior shared by all mono-, di-, and 
polynucleotides which render this family of 
compounds effective in so many different ways 
and in so many different guises? 

We may likewise profit our counsel by ad- 
dressing our queries toward a related but not 
identical structural and physiologic problem— 
one related to phosphate esters. Through the 
brilliant exercises of Lippmann and others, we 
have learned to think of some phosphate ester 
linkages as “energy rich” and hence of special 
physiologic importance, whereas other phos- 
phate ester groups yield less heat on hydrolysis 
and command less attention. If there exist 
these two different types of phosphate ester 
linkages with such different energetic proper- 
ties, then it follows that these two groups of 
phosphate compounds should differ anatom- 
ically at the molecular level. That is, each 
group should differ from the other with respect 
to such important electronic parameters as 
bond distances, bond angles, electron orbital 
distribution, and the like. When appropriate 
studies of the molecular anatomy of such com- 
pounds have been consummated—and such 
studies are feasible and can be based on roent- 
genographic diffraction and on spectroscopic 
approaches—when we come to understand the 
molecular morphology of these compounds, 
we can expect at the same moment to gain 
considerable insight into their physiologic be- 
havior. In all these examples the correlations 
of form and function at the electronic level 
will be in terms of quantum mechanics. 

In asking that you now focus your attention 
on the structure of muscle as it can be en- 
visioned at the macromolecular level, I will 
use an illustration taken from the important 
1946 paper of Hall, Jakus, and Schmitt. I use 
this in honor of their pioneering successes in 
opening the field of muscle morphology to 
reasonable interpretation in terms of modern 
protein chemistry. I can summarize much by 
saying that evidence from two different lines 
leads us to take the view that myosin appears 
to be characteristically localized in the A 
bands, though it may be absent or modified 
in the H and M regions. Actin seems to be 
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Fic. 1. A schematic representation of a block of striated 
muscle showing relations of myofibrils, sarcoplasmatic retic- 
ulum, mitochondria, and sarcolemma. The sarcolemma is 
represented on the right. The elements of the sarcoplas- 
matic reticulum are attached to the sarcolemma at the lev- 
els of Z bands and entwine around myofibrils, entering into 
a special relation with the myofibrils at the Z band level. 
Mitochondria, with their internal cristae, are disposed in 
the sarcoplasm. 


present in I and in A bands, but absent from 
H and M. We have no good evidence relating 
to the chemical nature of the Z band, though 
it is definitely not a membrane but has a f- 
brous character. 

The chemical characterization of H and M 
bands is also undetermined. We have no sat- 
isfactory evidence on which to base concepts 
of localization and arrangement of tropomyo- 
sin, myoglobin, or of any structural muscle 
protein other than actin and myosin, nor have 
we good basis for localizing within the muscle 
important nucleotides such as ATP. 

But one can say something about the or- 
ganization of myofilaments within the myo- 
fibril. Recently I have been persuaded to es- 
pouse the model of the sarcomere proposed 
by Hugh Huxley (1957), whose design I have 
set before you. This model conceives of two 
interdigitating sets of myofilaments which, on 
cross section, constitute a two-fold hexagonal 
pattern. 
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One set of filaments, which are thin ones 
and which, Huxley holds, contain actin, are 
anchored in the Z band and extend in each 
direction through the A band as far as the H, 
on the border of which they terminate. A sec- 
ond set of filaments, thicker ones containing 
myosin, are thought to interdigitate with the 
thin myofilaments in the A band and to be 
connected across the H and M continuously 
into the adjacent A of the same sarcomere. 
In contraction, Huxley postulates an interac- 
tion between components of thick and thin 
filaments which sets up interfilamentary bond- 
ing forces characteristic of the contraction 
phase. These forces are thought to exert trac- 
tion on the thick filaments so that their free 
ends are caused to approach the next Z band, 
while the thin filaments deepen their penetra- 
tion toward the center of the sarcomere. Pro- 
fessor H. H. Weber has proposed in a tenta- 
tive and exploratory way a series of specific 
chemical reactions which, he believes, might 
involve side chains adorning members of each 
type of filament and which might result in con- 
tractile forces of the type envisioned by Hux- 
ley. It may well be that we are in a position 
to formulate the biochemistry of muscle con- 
traction within this anatomic framework. AIl- 
though the early evidence for Huxley’s model 
was not very convincing, he recently com- 
pleted a study, now in press (1957), which 
brings forth very impressive evidence in sup- 
port of his model. Such is the power and per- 
suasion of these new micrographs of Huxley's 
that I believe his model will come to dominate 
the literature of the next few years, and may 
well come to form the basis for concepts o 
muscle structure of lasting value. ; 

I wish now to turn your attention to another 
feature of muscle morphology—one which has 
enjoyed little flattering attention from physi- 
ologists and biochemists but which demands, 
I believe, detailed study by all who are inter- 
ested in muscle function. Over half a century 
ago, Veratti (1902), a pupil of Golgi, dem- 
onstrated with great elegance and beauty a 
reticular structure in the sarcoplasm of stri- 
ated muscle fibers from a variety of verte- 
brates and invertebrates. Veratti’s light micro- 
scope studies established the grosser topogra- 
phy of the sarcoplasmatic reticulum and de- 
picted its main features and most common 
variants. His plates provide the best existing 
illustrative material on which to base an in- 
troductory understanding. The gross features 
of the reticulum may vary somewhat from 
muscle to muscle. In a (o instances, the 


reticulum forms a random irregular three-di- 
mensional network enmeshing the myofibrils, 
as in the muscle of an embryo mouse. But 
such irregular configurations are exceptional 
and, as a rule, the reticulum shows a consid- 
erable degree of order. This order can be re- 
lated to the cross bands of the sarcomere. 
In such ordered cases, transverse members are 
constantly present, stretching all the way 
across the muscle fiber, forming in cross sec- 
tion a series of meshes embracing individual 
myofibrils. These transverse members may lie 
at the level of the M band in some muscles, 
or in other variants, at the level of the Z, or 
at the junction of A and I bands. In many 
types of muscle longitudinal strands of reticu- 
lum are also found. In some cases, the longi- 
tudinal connections may be so disposed as to 
connect only pairs of transverse meshes strad- 
dling an M band or a Z band. In other vari- 
ants, longitudinal strands may connect all 
transverse mesh planes. The reticulum sends 
out members which establish contact with the 
sarcolemma at the outer border of the fiber. 
This contact with certain portions of the ex- 
citable plasma membrane of muscle may well 
provide an important key to understanding the 
function of x reticulum. In muscles with 
bizarre or unusual arrangements of the myo- 
fibrils, as shown in the cross sections of muscles 
actuating the dorsal fins of the seahorse or the 
flight muscles of a fly, the transverse meshes 
of the reticulum are adapted to the geometric 
peculiarities of the myofibrils. Where trache- 
oles pipe gaseous oxygen intracellularly right 
into the muscle fiber, as they do in some in- 
sect muscles, the reticulum may show struc- 
tural adaptations related to the intracellular 
tracheoles. At certain preferential locations— 
frequently at the level of the Z band—the re- 
ticulum appears to establish some special kind 
of contact with the myofibrils. 

Very recently, Porter and Palade (1957) 
have completed a detailed electron microsco 
study of the submicroscopic structure of the 
sarcoplasmatic reticulum. Although their paper 
is still in press, they have kindly consented to 

rmit me to discuss their en | and to show 
their slides. They have found that the reticu- 
lum conforms in distribution to the patterns 
shown by Veratti. They have found that it 
consists of a series of interconnected vesicles 
and channels enclosed by membranes, forming 
a system of flattened tubes adorned at certain 
places with bulbous enlargements. In one va- 
riant, the reticulum shows a continuous trans- 
verse series of braided channels embracing 
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each myofibril at the level of the M band, and 
sending tubular branches ending in cistern-like 
enlargements at the level of the Z bands. 
Here the bulbous terminal comes into close 
apposition to its fellow pertaining to the next 
sarcomere, and between the two large mem- 
bers Porter and Palade have discovered some 
— smaller vesicle-like structures. These 
show at high magnification as rows of tiny 
double margins of the terminal enlargements 
of the reticulum strands. It is clear that we 
are here seeing details of the special connec- 
tions between reticulum and Z bands recog- 
nized by Veratti. In cross section the small 
intercisternal vesicles appear to be elongated 
and to penetrate appreciably into the myo- 
fibril between the surface myofilaments. In 
other types of muscles, as in mammalian 
cardiac muscle, similar connections between 
reticulum and myofibrils have been discov- 
ered at the level of the junction of A and I 
bands, rather than at the Z. Porter and Pa- 
lade have also found special connections be- 
tween the reticulum a sarcolemma, as illus- 
trated previously by Veratti. The excitable 
sarcolemma may be indented deeply at the 
level of the Z. Near the recesses of this crypt 
the reticulum comes into close relation with 
the sarcolemma. A number of vesicles may 
adorn the vicinity. I end by offering a dia- 
= of my own (figure 1) which represents 
unctional contact between reticulum and 
myofibril at the level of the Z. The reticulum 
is also shown as engaging the sarcolemma at 
the right of the picture. Here one is reminded 
of the suggestion of Retzius, proffered in 1881, 
and repeated by Veratti in 1902, that the sar- 
coplasmatic reticulum might serve as an in- 
ternal transverse conducting structure in mus- 
cle. One can conceive of a propagated excita- 
tion moving along the sarcolemma and ac- 
tivating transverse members of the reticulum 
at points where the reticulum touches the sar- 
colemma. From these pick-up spots the im- 
"yee can be envisioned as traversing the mem- 
ranes of the reticulum across the fiber trans- 
versely, gaining access to myofibrils deep in 
the fiber in rapid succession through the spe- 
cialized connections here depicted at the Z. 
Andrew Huxley and Taylor (1955) have re- 
cently demonstrated that localized transverse 
conducting members do exist in muscle. The 
sarcoplasmatic reticulum is the only structure 
to which one can reasonably attribute this 
function. Surely this interesting structural 
feature of make is worthy of competing for 
at least part of the attention which physiolo- 
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gists and biochemists now lavish on the con- 
tractile portion. 

Thus we have glanced at some of the cur- 
rent concepts of muscle anatomy, from which 
we can send exploratory feelers forward in 
search for more of what we need to know 
about muscle. 

MODERATOR: Biochemistry of muscle will 
be presented by Dr. Albert Szent-Gydrgyi, 
director of the Institute of Muscle Research, 
Woods Hole, Massachusetts. 

DR. ALBERT SZENT-GYORGYI: I am in a v 
bad spot because I am given fifteen minutes 
and asked to talk about what I don’t know, 
and there is so much that I don’t know. If 
I would have to say what I know, I would 
have it off in five minutes. 

There is one general remark I would like 
to make before starting: There is no such 
thing as “the muscle.” “The muscle” has mis- 
led many people. Muscle is an organ to make 
motion; there are many sorts of motion and 
thus there are many sorts of muscle. For in- 
stance, for A. V. Hill the frog sartorius is the 
muscle. The frog’s sartorius is just a muscle 
which helps the frog jump. The frog has to 
sit and wait for the fly to come. It has to 
jump to catch the fly at the intercept of the 
two curves, that of the fly and of his jump. 
There are very few of us who make our liv- 
ing in this way! So there are enormous dif- 
ferences between muscle and muscle, which 
have to generate a very certain type of motion 
on which life may depend. There are slow 
muscles, tonic muscles, quick muscles, all sorts 
of muscles, but fortunately there are also com- 
mon basic features. I have always emphasized 
in my writings that there are no real differ- 
ences between cabbages and kings, and that 
there are many common things between any 
two live tissues; so there are common things 
between muscles, too, and I would like to talk 
on these. 

My first slide (figure 1) shows you a muscle 
fiber as you see it through the light micro- 
scope (rabbit’s musculus psoas, monochromatic 
light). This instrument, the microscope, we 
use very little today. It went out of fashion 
with two other instruments, namely brains and 
eyes, which yielded their place to electronic 
hardware. The muscle fiber in figure 1 has a 
membrane which you don’t see. This may be 
good because we don't know anyway what the 
membrane is. We call “membrane” something 
which is there, which nobody has really seen 
yet and which does something when excitation 
shoots along. We know it is there because 
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Fic. 1. (left) Fiber from the mus- 
culus psoas major of the rabbit. 
Rest length. Glycerol extracted. 
Total length 0.09 mm. (photo by 
B. Horvath). 


Fic. 2. (right) Longitudinal sec- 
tion of a muscle fibril from the 
thoracal (wing) muscles of the 
housefly. EM. The two dark 
lines at the end are Z lines. 


there is an electric potential between the in- 
side and outside of the fiber which collapses 
in excitation. A ring of depolarization runs 
all along the membrane and elicits the con- 
traction inside. Now whatever else happens 
that you can see, as for instance, contraction, 
is always the result of the action of smaller 
fibrillar units. This slide (figure 2) is a very 
masterly electron microscopic picture. It is 
an insect muscle which shows you that muscle 
fiber is composed of a great number of still 
much thinner fibers. This is a masterly section 
because the fibers are only 120 to 150 angi- 
trons thick and, as you see, the whole section 
is just one sheet of fibers. They are actomyo- 
sin fibers. They are composed of two proteins: 
myosin, discovered a hundred years ago by 
Kiihne, and actin, discovered in my laboratory 
some 20 years ago. These two are made to 
contract by the adenosine triphosphate mole- 
cule which exists in muscle in large quantities. 
We can make threads out of actomyosin and 
can make these threads contract with ATP. 


It was one of the most exciting moments in 
m* life to see this mysterious motion happen- 
ing in vitro. We produced this motion first by 
adding muscle juice to the fiber. Then we 
identified the substance which elicits the con- 
traction as ATP. ATP does two things: It 
elicits the contraction and at the same time it 
supplies the energy for it. The energy is in 
the P-O-P bond, which has about ten thou- 
sand calories. The history of ATP is very col- 
orful. We discovered that it elicits contraction 
and supplies the energy. Then, three or four 


a. 
| 
is 
| 


70 SYMPOSIUM 


years ago it was discovered that it is not ATP 
at all which does all this, but lately ATP is 
beginning to do it again. The energy content 
also varied. It went down from twelve thou- 
sand calories to four. Lately it is rising again. 

The sum of this whole story is that the ATP 
makes the actomyosin go into a state of con- 
traction and loses its P-O-P bond. The muscle 
does external work, and the ATP pays for it 
with its P-O-P bond. In muscle, evidently, the 
low-energy state is the contracted state. When 
the muscle does external work, it loses its own 
energy. The resting muscle can stay in the 
relaxed state because there is no actomyosin 
in it. There are actin filaments and myosin 
filaments side by side, but at a distance at 
which they could not interact. They are kept 
apart by electrical repulsive forces which are 
just in balance and just in excess of the at- 
tractive forces. When the excitation comes 
along the membrane, this balance is upset and 
actin mixes with myosin. We don’t have the 
least idea what mediates between the mem- 
brane and actomyosin. But anyway the bal- 
ance gets upset and actin and myosin get 
together and as soon as they are together in 
the presence of ATP they have to contract 
and go over into the low-energy contracted 
state, since all physical systems always tend to 
go to the lower level of energy. All of this is 
very important for clinical considerations of 
physiologic function of muscle, and that is why 
I am wasting my time on it. What brings 
actin and myosin together are electrical attrac- 
tions of charged points. These charges are bal- 
anced by ions. The negative carboxylic groups 
are balanced by potassium ions. The positive 
groups are balanced by negative ions. This 
explains why the function must depend to a 
very great extent on the potassium concentra- 
tion, or, more exactly, on the concentration of 
potassium plus sodium. Actomyosin is a very 
stupid substance: it doesn’t know the differ- 
ence between sodium and potassium. Only the 
membrane is intelligent enough. What hap- 
pens if we get a little more potassium into 
the muscle than is needed? A ten per cent 
change in the potassium and sodium concen- 
tration makes all the difference between zero 
contraction and maximal contracture. Increase 
the potassium and sodium concentration by 
five per cent and the muscle will not contract at 
all whatever we do to it and will have no force. 
If you decrease it five per cent, it will go into 
contracture. So all those states of muscle where 
you have contracture may all be due to a 
defective balance of ions or, more exactly, due 


OF INQUIRY 


to defective function of the cell membrane 
which somehow lost its ability to keep the 
ionic balance in order. 

These balances will have a special impor- 
tance in the heart muscle. In a classic experi- 
ment a century ago, Bowditch showed that, 
instead of working better, it worked less after 
he stopped the heart. We have studied this 
phenomenon by allowing less and less fre- 
quency to the heart. With a decrease of fre- 
quency the force of the beat decreased. We 
could show that in rest the fiber gains sodium 
and potassium, just a little too much. There are 
substances in serum which enable the mem- 
brane to keep the ions out so that with a 
change of frequency, there is no change of 
force. All of these things are of great impor- 
tance for clinical study. The striated body 
muscle has a very good membrane and such 
changes do not occur very easily, but in the 
heart the situation is more subtle and there is 
more danger of an accumulation of ions. We 
could also show that death may be due to a 
slight accumulation of potassium ions. I have 
no patients myself except frogs and goats, but 
I could show that the heart of a frog (which 
died because his heart stopped) can be 
brought back to life again by slightly decreas- 
ing its potassium ion concentration. With this 
decreased potassium you wouldn't know the 
difference between the heart which was a dead 
one and a perfectly healthy one. 

Let us have a look again at the whole mus- 
cle. How does the whole muscle work? Where 
does the energy of ATP come from? It comes 
from bread and butter. It is like in the sub- 
way: you can’t put a button in the automat- 
you must put a dime in. So in muscle you 
must put in ATP; nothing else will make it 
contract. Now where is the bread and butter 
transformed into ATP energy? This is in the 
mitochondria. The more the muscle has to 
work the more mitochondria there are. 

Now, to sum up the whole function of the 
muscle: First we have the resting muscle 
fiber. Then comes excitation, which finds a 
very good membrane with 100 MV potential 
at the nerve ending. This potential is depolar- 
ized at one point and then the depolarization 
shoots along the membrane, whereupon the 
actomyosin contracts. Now you would ask 
what connects membrane and actomyosin? 
Nobody knows. I conceived a very beautiful 
theory, which I think is the right one. With 
Dr. Bay, we have shown that when the de- 
polarization rushes along there is a powerful 
longitudinal electrical field set up inside the 
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muscle, and there is also a somewhat weaker 
cross field set up which has been overlooked 
until now. Nobody has really calculated it or 
thought it could trigger the contraction. We 
have calculated it and it has most remarkable 
mathematical properties, just the ones which 
you would expect from something that trig- 
gers off muscle. I still think that this electric 
field is one of the most important factors in 
muscle physiology. I can illustrate how diver- 
gent the ideas in this field are by telling you 
that when we wrote our paper we sent it to 
Science and I got the manuscript back saying 
that this is not new, Helmholtz knew it all. 
Then I sent the paper to the journal Neurol- 
ogy. They sent it back saying that it was so 
new they don’t dare to print it. Then I sent 
it to the Journal of Physiology and they sent it 
back asking whether it was a joke or a paper? 
So we published it in Chicago in a mathemat- 
ical paper and since then, in England, Knud- 
son has shown that all of our experiments were 
wrong. However, lately a very fine worker 
here in America, Dr. A. Csapo, has shown that 
all of Knudson’s experiments were wrong, and 
probably it is really this electric field (we call 
it the window field) which triggers off muscle. 

I have spent all my time and now I shall 
say a few general, almost philosophic words. 
As I told you, we know very little about mus- 
cle. I told you actomyosin makes contraction. 
You would ask now what does actomyosin 
really do when it shortens? We have worked 
on the problem for 20 years and have no an- 
swer. A. Huxley and Weber produced a theo- 
ry lately, but I find it difficult to accept. It is 
beautiful work, but you can interpret it differ- 
ent ways. We know a very great deal about 
the chemistry of myosin, but we don’t know 
what contraction is. We don’t have the least 
idea of how actomyosin goes over into the 
shortened state. But this lack of knowledge is 
not limited to muscle. If you think for a mo- 
ment about the whole of biology and biochem- 
istry, you will find something very peculiar: 
the coexistence of highlights with utter dark- 
ness. We do not understand the most basic 
and simple problems. I have worked 20 years 
with actomyosin and I know it contracts with 
ATP, but I don’t know what contraction is. 
We have all the wonderful hormones in hand. 
We can write down their formulae, but if you 
ask what is a hormone really doing, there is 
no answer! Of happenings on the molecular 
level, we don’t have the slightest idea. You 
know the latest work on proteins, but what is 
a protein for? Why did nature build it? No 


answer. As long as we have chemical sub- 
stances and reactions which we can explain 
in terms of classic chemistry, we are most suc- 
cessful. As soon as we come to motion, to 
actions, such as those of hormones, we have 
not the least idea, and the reason is probabl 

that some very, very important factors are still 
missing from our knowledge. I think I have 
discovered three of them. One is electronic 
excitation in the triplet state, the second is 
water, and the third the electromagnetic field. 
I am emphasizing this because I feel the trend 
in present thinking that, if there is a problem, 
then one can hire a scientist and say: here is 
a problem and you solve it. Here are the 
books of biochemistry. You mix up their con- 
tents and out comes the answer. There is so 
much to be learned yet about the foundations 
of nature! We have a very poor knowledge 
about the really basic facts and that is why 
we are so badly stuck in solving pathologic 
problems. It is said that cancer keeps more 
people alive than it kills, and it will keep 
people alive for a very long time to come if we 
don’t try to get down to the bottom of nature. 

MODERATOR: Dr. Derek Denny-Brown, James 
Jackson Putnam Professor of neurology at 
Harvard Medical School and Boston City Hos- 
pital, will discuss muscle physiology. 

DR. DEREK DENNY-BROWN: After Dr. Szent- 
Gyérgyi’s graphic description of the physical 
properties of muscle proteins, I would like to 
discuss some differences between muscles that 
may be more important in pathology than was 
formerly thought. For example, muscles vary 
in color and it is natural to look for differ- 
ences in function that correlate with such 
color differences. In the rabbit these color 
differences are quite remarkable, the soleus, 
crureus, and semitendinosus muscles being 
brick red and the other muscles of the leg 
being pale and colorless. The same differences 
are present, though less obvious in cat, mon- 
key, and man. The red muscles contract more 
slowly than the pale, the twitch of soleus be- 
ing about three‘times the duration of that of 
gastrocnemius in the cat, about two times in 
man. The red muscles are more constantly 
occupied in postural reflexes, but only rela- 
tively so. The pale muscles are more exclu- 
sively employed in the gallop, hop, and leap 
response in animals. The pectoral muscles of 
birds that soar in flight are red, whereas those 
of the wing flapping domestic hen are pale. 
Yet slowness in contraction is not necessarily 
associated with red color, for in the pigeon 
the twitch of the red pectoral muscle was 
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found by us to be of the same duration as 
that of a pale leg muscle in the same bird. 
Contrariwise the twitch duration of extra- 
ocular muscles in the cat is found to be only 
one-sixth that of a pale leg muscle in the 
same animal, yet the color of these two is 
approximately the same. The color of the 
muscle fiber is dependent on its content of 
myoglobin and this is in turn only indirectly 
related to speed of contraction. Is it possible 
that both these are related to liability to fa- 
tigue? Merton has shown that fatigue is di- 
rectly related to the degree to which strong 
contraction causes ischemia by impeding cap- 
illary circulation. In the rabbit pale muscles 
fatigue in response to a tetanic stimulus some- 
what more easily than red muscles, but in the 
cat there is no significant difference. 

Myoglobin is finely dispersed in the sarco- 
plasm and is not demonstrable by the light 
microscope. It is of interest that Vaughan and 
Pace have shown it is increased much more 
than is hemoglobin by continuous exposure to 
high altitude, presumably to maintain an op- 
timum oxygen gradient between the cell mem- 
brane and the cytochrome in the mitochondria. 

For many years histologists confused red- 
ness, or content in myoglobin, with a darkness 
in muscle fiber in cross section. This darkness 
affects all the fibers in most red muscles, but 
only some in pale non-pigmented muscles, pro- 
ducing a patchy appearance. The darkness is 
due to the presence of lipid granules in the 
sarcoplasm which are responsible for the lon- 
gitudinal striation. Such granules disappear in 
emaciated states, both from red and pale 
muscles, and are greatly increased by adi- 
posity, though the twitch duration and the red- 
ness do not alter. Ability to store lipids, then, 
is an independent function possessed by most 
fibers in red slow muscles and in varying de- 
gree by fibers of fast pale muscles. Some of 
the muscle fibers in any muscles are unable 
to store fat, in even the most adipose animal. 
Red muscle fibers are usually larger in diam- 
eter in mammals, but this largeness appears 
mostly due to the greater fat content. Content 
in glycogen is another variable that is unre- 
lated to redness or speed of contraction. All 
types of fiber become smaller in starvation, 
but this loss of diameter also does not affect 
twitch duration or redness. Clinicians are 
often surprised by the strength and tenacity 
of muscular contraction of very thin emaciated 
people. 

We showed many years ago that all muscles 
in the newborn kitten are granular and slow 
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in contraction, and that during the first six 
weeks of life the pale muscles me paler, 


develop freedom from lipid in most fibers, and 
shorten greatly in ane of contraction. The 
red muscles develop their redness later. There- 
fore, we feel that these differences are all 
aspects of special differentiation of function. 
Of particular interest was the incidental find- 
ing that in the pectoralis muscle of the pigeon, 
where the pale fibers are very large and the 
dark fibers very small, both could be innervat- 
ed by the same nerve fiber, indicating that the 
process of differentiation was not primarily 
related to innervation or even the pattern of 
innervation. In general, however, slower mus- 
cles and small dark muscle fibers are innervat- 
ed by smaller nerve fibers. 

These histologic aspects of muscle function 
have again assumed importance in the last 
four years, since Kuffler and Gerard have 
clearly demonstrated that there are two types 
of muscle fiber in many frog muscles in terms 
of neuromuscular transmission. This finding 
has revived an earlier controversy following 
Kultchitsky’s demonstration in the 1920's that 
in frog and lizard there were two types of 
motor nerve endings, one innervated by a non- 
medullated fiber plexus, lying epilemmal, and 
another by more conventional medullated fiber 
and motor plate, thought to lie under the sar- 
colemma. Hunter and others postulated a 
tonic function for the first and a phasic con- 
tractile function for the second. The non- 
medullated fibers always innervated small dark 
fibers, the medullated layer pale, lipid-free 
fibers. We now know that both endings are 
epilemmal and both are derived from somatic 
motor nerve roots. In the adult mammal such 
anatomic difference has not been found. The 
only adult mammalian structures in any way 
comparable are the small intrafusal muscle 
fibers of the muscle spindles, which are in- 
nervated by much smaller nerve fibers than 
the prt of the muscle, with medullation 
to near the termination. 

The arrival of a nerve impulse at a motor 
nerve ending sets up a small end plate poten- 
tial, which in normal mammalian muscle im- 
mediately sets up a membrane action poten- 
tial that rapidly spreads along the length of 
the muscle fiber detonating contraction of the 
myofibril contents as it travels. Stimulation of 
the myofibrils by an electrode introduced into 
the fiber contents causes only a localized con- 
traction of a few segments of the related myo- 
fibrils. Only exceptionally does such a locally 
induced contraction spread slowly along the 
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myofibrils and, if so, there is no action poten- 
tial. Conversely, if the muscle fiber is com- 
pletely fatigued, the membrane action poten- 
tial may spread the length of the fiber but not 
induce contraction. The end plate potential 
is clearly due to the release Pi acetylcholine 
which, by altering the permeability of the 
muscle membrane under the motor ending, 
causes a localized depolarization that sets up 
the spreading depolarization underlying the 
action potential. Curare, by blocking the de- 
polarization produced by acetylcholine, or an 
electrotonic depolarizing current which op- 
poses such depolarization, blocks the forma- 
tion of an action potential and leaves only the 
small end plate potential (e.p.p.) following 
arrival of each nerve impulse. Decamethonium 
or a steady electrotonic current 
applied locally opposes depolarization of the 
region of the end plate and so blocks the set- 
ting up of an action potential in another way. 

The peculiarity of the very slow fiber sys- 
tem in frog muscle demonstrated by Kuffler 
and Gerard and subsequently worked out by 
Kuffler is that its electric potential seems to 
correspond to only the end plate potential of 
faster muscle fibers. Snel potentials seem 
to be necessary to set up a contraction. There 
are many endings along one muscle fiber, as 
if the transmitting property of the muscle 
membrane is poorly developed. Once set up, 
such a contraction is associated with a pro- 
longed positive after-potential pointing to a 
slow restitution of polarization, associated with 
prolonged contraction of the myofibrils. The 
slow muscle fiber is also more sensitive to 
acetylcholine than the faster fibers and to de- 
polarizing electrotonic currents, and in these 
respects resembles muscle fibers that are un- 
dergoing atrophy as a result of denervation, 
and also the reactions of fetal muscle fibers. 
These reactions of the slow muscle fibers found 
scattered in some muscles of amphibia explain 
the peculiarly slow “tonic” pharmacologic ef- 
fects in the form of delayed relaxation, called 
“contracture,” that figured so prominently in 
early studies of the frog nerve-muscle prepara- 
tion. You may remember from physiology that 
such reactions in the frog are seasonal, the 
winter frog being liable to greater contracture. 
They also bring vertebrate muscle into per- 
spective in relation to crustacean muscle, which 
has a remarkable ability to summate end plate 
potentials. Slow muscle fibers of this type are 
very sensitive to the effect of Veratrin and 
other drugs producing effects resembling myo- 
tonia. 


Up to this point, the differences I have out- 
lined. have been characterized as sharp distinc- 
tions into red and pale, dark and clear, slow 
and fast, tonic and phasic types of muscle 
fiber, according to the histologic, mechanical, 
or electrical criteria employed. It has been 
natural to seek two different t of muscular 
function corresponding to these differences. 
I have already pointed out that these and 
other differences may vary independently, so 
that there must be more than one 
——e There is now additional evi- 

ence that this is so and that in all striated 
muscle there are relative differences in the 
same muscle. In the past I have presented 
evidence for a uniform speed of contractile 
process in all the fibers in any mammalian 
muscle, but it now seems possible that there 
is some variation from fiber to fiber in the 
larger muscles that is not detected by any 
present recording method. The contractile 
characteristics of the muscle fiber are not 
rigidly fixed. Kruger has pointed to the primi- 
tive arrangement of the myofibrils in the slow 
muscle fibers studied by Kuffler in frog mus- 
cle, which clearly resembles the early arrange- 
ment of myofibrils shown by Haidenhain in 
the developing trout. In the frog the propor- 
tion of these fibers and the corresponding 
degree of “tonic” response lessen as winter 
passes into summer. The non-medullated in- 
nervation of such fibers (Kultchitsky) only re- 
flects failure of myelin to extend as far as the 
end plate, a common feature of fetal end 
plates in mammalia and of tongue muscle 
throughout life in some amphibia. The situa- 
tion in the winter frog may, therefore, mean 
not so much the need of two separate contrac- 
tile systems as simply a lessening of the stim- 
ulus to muscles to hasten their speed of con- 
traction in winter months. 

In mammalian muscle there is increasing 
evidence that histologic, physiologic, and phar- 
macologic specialization of muscle fibers is de- 
termined in part by their ontogeny and partly 
by their postnatal use. For example, Jewell and 
Zaimis have recently shown that, whereas red 
muscle in the cat is very resistant to neuro- 
muscular block by decamethonium, pale mus- 
cle is very sensitive. With use-hypertrophy 
red muscle retains its slowness of contraction 
and its pharmacologic difference is accentu- 
ated, even if it is made to do the work of 
pale muscle by tenotomy of the latter. In 
neural atrophy and disuse atrophy, both types 
of muscle become pharmacologically similar 
and the color difference tends to disappear. 
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The process of denervation atrophy appears 
to be a reversion to the fetal state. In the 
mammalia denervation atrophy proceeds at 
different speeds in different muscles, being 
most rapid and uniform in highly specialized 
muscles, such as those of the larynx, and slow- 
est in those whose fibers at full maturity are 
still of small granular fetal type, such as those 
of the external anal sphincter. In most muscles 
there are mixtures of fibers undergoing atrophy 
at different rates, the intrafusal fibers of the 
muscle spindles being slowest of all. We may 
expect these differences to correlate with size 
of medullation of motor nerve fibers, though 
this has been studied only in relation to the 
spindles. It is notable that in denervation atro- 
phy the pharmacologic reactions and excita- 
bility characteristics of the mammalian muscle 
membrane revert to those closely resembling 
the “primitive” fibers of the winter frog. 

If then we ask why it is that some muscles 
show the first symptoms of curare poisoning 
or of myasthenia gravis and others first show 
the etfects of potassium deficiency, we may 
point to the considerable differences in spe- 
cialization of function. The same differences 
presumably underlie the vulnerability of dif- 
ferent muscles to dystrophy according to age 
of onset and type of the disease and to myo- 
sitis in relation to type of noxious agent. I 
have been impressed that even in the same 
muscle in myoglobinuria there are great differ- 
ences in the vulnerability of different fibers to 
dissolution, and this is also true in muscular 
dystrophy. The differences in nerve ending 
observed in cases of infantile atrophy by Coers 
point to delay in maturation. 

What are the physiologic stimuli that lead 
to these different types of specialization of 
muscle fiber? Since reversion to fetal type is 
characteristic of neural atrophy, it is natural 
to look for evidence that nerve supplies some 
factor to muscle that determines specialization. 
So far none has been found, though many 
studies suggest strongly that nerve supplies 
a growth factor in the maturation stage of 
amphibia. Muscle fails to degenerate if the 
nerve is blocked but anatomically intact, but 
this may be due to the very small “quantal” 
secretion of transmitter substance now shown 
to be continually occurring in the absence of 
“impulses.” Coinnervation of muscle fibers of 
different size and lipid content suggests that 
these aspects may be independent of nerve, 
and it is natural to look for associated endo- 
crine factors. Unfortunately all attempts to 
assess differences related to endocrine defi- 
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ciency have suffered from an inherent defect. 
The muscles chosen for study, for example, 
the perineal muscles of the male rat or the jaw 
muscles of the guinea pig, are those that are 
strongly innervated by sexual reflexes. It is 
not surprising, therefore, to find that castration 
leads to a partial degree of the same change 
that occurs with denervation, or that male 
hormone is ineffective in causing hypertrophy 
if the muscle is denervated. So far one can 
only say that the behavioral reflex effects of 
hormones are more effective on muscle than 
any direct effect. Hypothyroidism is reported 
to prolong the muscle twitch but makes no 
difference to the oxygen uptake, pointing to a 
change in the duration of some event in the 
contraction cycle, but to no essential change 
in the physical mechanism. 

The most remarkable general effects in the 
physiology of muscle are the result of the stim- 
ulus of active tension and ischemia in causing 
hypertrophy, and these are greatly in need of 
further investigation, for only by knowledge 
of the physiologic response are we likely to 
understand chemical sensitivities and patho- 
logic reactions. 

MODERATOR: The last speaker, Dr. Ray- 
mond D. Adams, Bullard Professor of neuro- 
pathology at Harvard Medical School and 
chief of neurology of Massachusetts General 
Hospital, will summarize some of the problems 
of pathology of muscle. 

DR. RAYMOND D. ADAMS: The brief period 
during which I am to discuss recent advances 
in the pathology of muscle disease allows 
little time for more than a simple summary of 
a few articles that have appeared in the last 
few years. A recitation of this type is certain 
to be dull and uninspiring unless time were 
given for a critical evaluation of these recent 
contributions. Rather than risk the tedium of 
such a presentation, I propose instead to ask 
an evocative question concerning one of the 
most frequent muscle diseases—that of pri- 
mary muscular dystrophy. This should afford 
us an opportunity that seldom offers itself of 
hearing the views of a physiologist, anatomist, 
and biochemist on the fundamental process 
underlying progressive muscular dystrophy. 

This particular disease stands as the proto- 
type of all diseases of muscle. It was the first 
one described and has been subjected to the 
close scrutiny of clinicians and pathologists 
for many years. Nevertheless, it must be con- 
ceded that we have learned neither its cause 
nor the mechanism involved. 

The primary abnormality of the muscle in 
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dystrophy has been peculiarly elusive. Du- 
chenne, Erb, Heidenhain, and many contem- 
porary investigators have attempted to deter- 
mine its nature. The genetic origin is indis- 
putable. The long period during which muscle 
structure and function remains normal, giving 
way to progressive weakness and wasting of 
the musculature of shoulder and pelvic girdles, 
the trunk, parts of the proximal limbs and 
sometimes the face, without sign of nerve or 
spinal cord disease, suggests that some biochem- 
ical defect long antedates the obvious patho- 
logic change in muscle. Expressed another 
way, one would suppose that the disease exist- 
ing from birth only gives rise to paralysis and 
visible changes in the muscle in its most ad- 
vanced stages. Biochemical studies, however, 
have succeeded in demonstrating little more 
than a reduction in the total functioning mus- 
cle mass and have thrown no light on the pri- 
mary abnormality. 

In any well chosen microscopic section of 
dystrophic muscle, the following abnormalities 
can be demonstrated. 

. Loss of many of the muscle fibers. 

. Degeneration and phagocytosis of a few 
muscle fibers. 

. Alteration of muscle fibers. 

a Enlarged fibers with central nuclei. 

b. Small muscle fibers. 

c. Fibers with abnormalities of structure — 
rows of central nuclei, loss of peripheral 
myofibrils, or distortions of myofibrils. 

4. Paucity of regenerative changes — nuclei, 
sarcosplasm, or myofibrils. 

5. Increase in connective tissue between fibers. 

6. Presence of many fat cells between single 
fibers or fascicles of fibers. 

It is generally agreed that loss of fibers is 
the explanation of much of the clinical picture, 
but how does it come about? Erb conceived 
the essential process to be one of hypertrophy 
followed by atrophy with vacuolization and 
splitting of fibers. Although this provides an 
explanation of large and small fibers, it fails 
to account for the degenerative change. Others 
have singled out the muscle fiber degeneration 
as the primary change, but this leaves us with- 
out an explanation for the enlargement and 
atrophy, unless the former change is one of 
work hypertrophy and the atrophy is the re- 
sult of splitting or regeneration of buds from 
the healthy ends of degenerating fibers. Atro- 
phy and a lack of ability of sarcolemmal nuclei 
to maintain the sarcoplasm or myofibrils have 
been proposed. This series of changes also 
leaves us without an explanation of the de- 
generation of the large fibers with central nu- 
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clei. The fibrosis and lipomatosis are usually 
assumed to be secondary to the changes in the 
muscle fibers and the loss of fibers. 

How can the problem of the primary change 
be resolved? Probably only by the study of 
the isolated cell under conditions that are rea- 
sonably controlled, taking note of the resting 
electrical potential of the fiber, its biochemical 
activity, its capacity to develop, to regenerate 
after injury, and to reproduce itself in tissue 
culture. The dystrophy which has recently 
been found in a strain of mice in the labora- 
tories at Bar Harbor, Maine, may throw some 
light on these problems because it can be 
studied at all stages of the disease. 

From the study of experimentally injured 
dystrophic muscle and from some biopsy speci- 
mens, we are inclined to believe that the small 
fibers are formed by the branching and forking 
of damaged ones. Enlargement of fibers may 
well be the result of work hypertrophy of the 
sound fibers, though the central nuclei cast 
some doubt on this explanation. In our opin- 
ion, therefore, degeneration is the most defi- 
nite and important change. The lack of suc- 
cessful regenerative activity cannot be ex- 
plained. The studies of Walton indicate that 
the sound muscle fibers in the dystrophic pa- 
tient are capable of reacting to physical in- 
jury by the usual sequence of sarcolemmal 
nuclear proliferation, basophilia of sarcoplasm, 
and regeneration of myofibrils. It is difficult 
to determine the reaction of atrophic fibers to 
injury, but presumably the regenerative po- 
tential of the dystrophic fiber to injury is not 
significantly altered. Another equally tenable 
opinion would be that degeneration, atrovhy, 
and hypertrophy are all manifestations of the 
fundamental process which exerts a variable 
effect depending on its intensity. In other 
words, the process may cause either immediate 
death or possibly progressive atrophy and ulti- 
mate disappearance of the muscle cell. 

This problem of the fundamental change in 
the dystrophic fiber has been studied in recent 
years by the electron microscopist, the bio- 
chemist, and the phvsiologist. I would like to 
have each of my colleagues give us his views 
of this disease and the contribution that has 
come from the application of these special 
methods. 


QUESTIONS AND ANSWERS 


MODERATOR: Dr. Gunnard Wobhlfart, pro- 
fessor of neurology of the University of Lund, 
Sweden, who ‘is our distinguished guest, has 
consented to ask the first question. 
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DR. WOHLFART: I would like to ask about 
two different things. First, in polymyositis, 
I would like to learn more about the different 
types of etiology, the different types of course, 
and something of the pathology. Secondly, 
I would like to learn about the three differ- 
ent types of espe muscle degeneration, 
namely, ordinary muscle dystrophy, distal ~~. 
opathy, and myotonic dystrophy. I would 
like to learn a little about the differences in 
pathology in these three disorders. 

pr. ADAMS: The first question regarding the 
different types of polymyositis with pathologic 
changes: I would say first off that I think 
there can be no doubt that there is a very defi- 
nite clinical and pathologic entity that is called 
polymyositis. I think all of you are familiar 
with the principal clinical changes. The pa- 
thology is quite characteristic in many cases, 
consisting of a very pronounced degenerative 
change in the muscle fibers far in excess of 
what one ordinarily sees in even the more 
rapidly advancing dystrophies—and a_ very 
brisk regenerative activity on the part of the 
remaining fibers and very definite and fairly 
pronounced infiltrations of inflammatory cells 
in the endomysium and around the blood ves- 
sels. I think that this particular pathologic 
and clinical entity is very closely linked to col- 
lagen disease. Of more than 40 cases that we 
have had at the Massachusetts General Hos- 
pital, 26 had or ultimately developed some 
other form of collagen disease. I feel that we 
are in serious trouble in diagnosis from patho- 
logic material in a certain number of cases 
here, however, because there is no doubt but 
that fairly typical cases clinically may have 
little or no inflammatory cell reaction and may 
go into a rather chronic stage where the de- 
gree of muscle fiber degeneration is rather 
slight. On numerous occasions in the last few 
years, I have felt defeated from the study of 
a pathologic specimen, being unable to decide 
whether it was a chronic polymyositis or a 
rapidly advancing muscular dystrophy. This 
tells us that the pathologic study with an 
ordinary light microscope has grave limita- 
tions, and the changes often acquire signifi- 
cance only when taken into relation to the 
total clinical picture. There are several other 
polymyopathies where inflammatory cell reac- 
tion is lacking, where muscle fiber degenera- 
tion is pronounced, where there may be mild 
myoglobinuria and even death from lower 
nephron nephrosis that should be distinguished 
from this group of polymyositis or dermato- 
myositis. This is a chapter of muscle pathol- 
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ogy that has yet to be written, I am sure. 

Dr. Wohlfart could much more ably ex- 
pound on the differences between myotonic 
dystrophy, the distal dystrophy of Gowers 
and Weelander and Aldon Turner, than any 
of us here, because they have had so many 
more of those cases in Sweden than we here. 
I feel, with respect to myotonic dystrophy, 
that the degree of proliferation of centrally 
placed sarcolemma nuclei is far in excess here 
to that which you see in most cases of muscu- 
lar dystrophy. Many of the other changes are 
much the same. The real problem that the pa- 
thologist faces here, and which we are not at 
all agreed upon among ourselves, is how 
many of the changes that we see in the re- 
maining fibers are really true changes that re- 
flect this metabolic abnormality going on in 
the muscle, and how many of them are arti- 
facts produced by the biopsy of irritable mus- 
cle, the placing of it in fixative, and so on. 
I think all pathologists would agree that, when 
one finds vacuoles, disruption of myofibrils, 
alteration of sarcoplasm without cellular re- 
action, and distortion of myofibrils, one be- 
comes uncertain as to the significance of these 
changes. These alterations seem to be more 
pronounced in biopsy material from myotonic 
dystrophy because of its exceptional irritabil- 
ity. I have had very little experience with dis- 
tal dystrophy and I am sure that our material 
will not permit us to draw out any of the dif- 
ferences between this and the other forms. 

DR. DENNY-BROWN: I agree with Dr. Adams 
that such differences as may be seen between 
dystrophies are quantitative rather than quali- 
tative. In some, as he has mentioned, the nu- 
clear proliferation is much more remarkable. 
In others, differences in fiber size and twinning 
of fibers are more commonly seen. But, if you 
take any one histologic criterion, then it is in 
some degree present in all types of muscular 
dystrophy that I know of. 

DR. WOHLFART: I would like to ask whether 
Dr. Adams thinks that the dystrophic form of 
myotonia is the tonic form of myodystrophy, 
or is it a different disease? 

DR. ADAMS: That is a very pointed and ex- 
tremely difficult question. The electromyogra- 
pher is turning up with increasing frequency 
myotonic reaction in single fibers in all types 
of dystrophy, which raises the question wheth- 
er there is merely a quantitative difference 
between the myotonia that you see and the 
advanced myotonic dystrophy and the ordi- 
nary muscle dystrophy. I think Dr. Denny- 
Brown might have more to say about this. 
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DR. DENNY-BROWN: Only to say that I have 
not seen true myotonia in other types of dys- 
trophy, Dr. Adams. 

pR. ADAMS: Not in the electromyograms? 
I know you have been critical of some electro- 
myography that has issued from various lab- 
oratories, but it seems to be turning up with 
increasing frequency. 

DR. DENNY-BROWN: I think that in this con- 
nection it is very important to define what 
you mean by myotonia. Myotonia in the sense 
of a series of very small action potentials of 
the size of those of a single ait is, pro- 
yoked not by one excitation of the muscle, 
but by more than one as if by a cumulative 
chemical effect, for me is unique in conditions 
of dystrophia myotonica and congenital myo- 
tonia. A number of conditions will set up a 
train of action potentials in isolated muscle 
fiber, but they set them up immediately fol- 
lowing the excitation, as for example produced 
by 2-4-D Veratrin and other chemical sub- 
stances. But the delay in response is what is 
so peculiar to myotonia. Microelectrodes, un- 
fortunately, magnify the movement artefact 
that contaminates all electrical recording from 
muscle, and I cannot accept “myotonia” re- 
corded only by such means. 

MODERATOR: Dr. Bennett, do you have a 
question that you would like to ask of the 
other members of the panel, and would you 
like to respond to either Dr. Wohlfart’s ques- 
tion or to the ones posed by Dr. Adams? 

DR. BENNETT: Perhaps I may be permitted 
to comment that, if one is searching for mor- 
phologic changes associated with disease, the 
light microscope, which Dr. Adams _ used, 
really gives us little information and conceals 
a great deal. I might ask you to contrast his 
pictures with the detail which one sees in the 
electron micrographs, where one can see defi- 
nitely outlined mitochondria with elaborate 
internal detail, along with many details of sar- 
coplasmatic structure. One also sees intricate 
longitudinal and cross patterns of filaments 
within the myofibril and many other details 
which were not shown here today. So the use 
of hematoxylin and eosin or even Masson 
stains with the light microscope by no means 
exhausts the tools at our disposal for exploring 
the structure of muscle. It becomes evident 
that, if one wishes to get the additional infor- 
mation, one must pay the price and learn to 
use the tools. 

DR. ADAMS: That brings me to pose my 
question once more: There have been several 
electron microscopic studies of dystrophic 


muscle. Would you review those, Dr. Bennett, 
and tell us what information they give us? 

DR. BENNETT: There have been some elec- 
tron microscope studies of other types of de- 
generation of muscle also. The studies with 
which I am most familiar are from our own 
laboratory, by Dr. Hampton and Dr. Rumery. 
These are not yet published. It seems evident 
that one of the earliest changes which one can 
detect is disorganization of the filaments with- 
in the myofibril. The mitochondria appear to 
live a fairly long time in the degenerating mus- 
cle fibers, at least in the samples which I have 
seen. I think that an evaluation of this ma- 
terial poses difficulties, however. One of the 
foremost lies in the trouble which one encoun- 
ters in judging the validity of sampling of the 
tissue which one is examining with the electron 
microscope. One sees only a very small por- 
tion of the material at a time. One can study 
profitably small bits of tissue, perhaps not 
more than a tenth of a millimeter in diameter. 
One can cut many thousands of sections within 
a single block of this size. The section thick- 
nesses which are used are the order of 200 to 
500 Angstrom units, or somewhere in the 
neighborhood of a twentieth of a micron. Thus 
one examines a very small sample of the tissue. 
Though one can get a good deal of information 
about that sample, it is difficult to evaluate 
this in terms of the whole structure. I do not 
think that any of the studies which I have seen 
have carried the problem far enough or have 
met these uncertainties satisfactorily. 

DR. DENNY-BROWN: I would like to ask Dr. 
Bennett if he has any information as to the 
location of myoglobin in the electron micro- 
scope picture. 

DR. BENNETT: No. This is primarily, I think, 
a problem for spectroscopy. I rather imagine, 
as Dr. Denny-Brown told us, that myoglobin 
is distributed in the sarcoplasm, but, with the 
recognition of the organization of sarcoplasm, 
the question rises whether further information 
relating to its distribution would be helpful. 
There are some substances in muscle—glyco- 
gen, for example—the distribution of which 
has been worked out at the electron micro- 
scope level rather nicely by Dr. Fawcett and 
by others. Often there appears to be no pref- 
erential distribution of the glycogen within the 
fibril, at least at the level of organization re- 
lating to the sarcomere bands. There is light 
microscope evidence by Manicini and others 
that is in conflict with this. Perhaps the most 
favorable material for study of myoglobin dis- 
tribution might lie in the muscles of diving 
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animals, such as whales and penguins or per- 
haps seals, where very large amounts of myo- 
globin are present. If any of you can recall 
reading Moby Dick, you may remember that 
the capacity of the whale for storing very large 
amounts of air within its body was recognized 
by Herman Melville. He describes the killing 
ot the whale in physiologic terms, relating the 
slaughter to a process of forcing the whale to 
exhaust himself of oxygen by making him take 
a series of dives. It takes about 70 breaths, 
consuming 11 minutes, I believe Melville says, 
for a sperm whale to load up completely with 
air once he surfaces from an exhausting dive 
lasting an hour or more. So it is important to 
harpoon him when the whale surfaces before 
he takes his full complement of 70 breaths. He 
is then forced to dive with an incomplete load 
of oxygen and can’t go so deep or so far. 
Hence when he surfaces the next time one can 
get at him sooner. I suppose that a sample 
trom one of Melville’s whales would have been 
very favorable material for answering Dr. 
Denny-Brown’s question. 

MODERATOR: Dr. Szent-Gyorgyi, do you 
have a question that you would like to ask 
the panel? Or would you like to pose an an- 
swer to Dr. Adams’ question? 

DR. ADAMS: What do you consider the pri- 
mary change to be and the most likely change 
in progressive muscular dystrophy? 

DR. SZENT-GYORGYI: I haven't the least idea. 

DR. DENNY-BROWN: May I ask Dr. Szent- 
Gyérgyi whether contractile activity of acto- 
myosin has ever been found to be associated 
with electrical change, and if acetylcholine can 
provoke its contraction? 

DR. SZENT-GYORGYI: No, there is no reaction 
between acetylcholine and actomyosin. There 
have been theories proposed but the lifetime 
of these theories is oe six months and 
none of them has survived. I don’t think that 
acetylcholine has anything to do with acto- 
myosin directly. Dr. Denny-Brown asked about 
acetylcholine contracture. Even then I could 
not believe that acetylcholine acts on actomyo- 
sin and for the very simple reason that we can 
paygen contracture with very little acetylcho- 
ine, so there wouldn't be one molecule of 
acetylcholine for one molecule of actomyosin. 
The basis of any direct interaction is chemical. 
One particle of one must act on another. Ac- 
etylcholine is active in such a small quantity 
and there is so much actomyosin that any 
direct interaction, to my mind, is impossible. 
There must be an amplifier between them. So 
I think that acetylcholine may let in the potas- 
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sium or sodium to act as an amplifier, because 
there are so many of those ions. 

MODERATOR: A question from the floor is 
directed to Dr. Szent-Gyérgyi. What is your 
present — or your current thoughts about 
the process of relaxation in myofibrils? 

DR. SZENT-GYORGYI: As I tried to point out— 
the muscle is at rest because there is no acto- 
myosin. The actin and myosin are separated 
just a very short distance, so relaxation must 
be a parting of the two again. What happens 
in the whole cycle of contraction is that some- 
thing happens, which we don’t know what it 
is, which I believe is an electric field that 
brings actin and myosin together. As soon as 
they are together, actin, myosin, and ATP have 
to go into the contractive state, and in this 
contracted state ATP loses one phosphate. 
That one phosphate is very important for the 
relaxation for pushing them apart again, be- 
cause it means two additional valences, two 
additional electric charges. So the excitation 
comes along, there is some change which we 
don’t know what, a very, very temporary 
change which lasts only very shortly, and then 
as a consequence of this change, “A” let us 
say, actin and myosin get together and they 
contract and ATP becomes de-phosphorated. 
Now in order for actinomyosin to part again, 
the ATP must regain its phosphate. And the 
essential point is rephosphorylation of ATP. 
Then the change “A” has already passed. This 
very temporary change “A” brings actin and 
myosin together and now, since the primary 
change passed, they could part again imme- 
diately but they can’t because ATP has lost a 
phosphate. As soon as ATP regains the phos- 
phate they can part again because then we 
have only two conditions. So now they could 
part but they can’t part because ATP has lost 
its phosphate, but as soon as ATP regains the 
phosphate then they can part again and there 
is relaxation. 

MODERATOR: Dr. Denny-Brown, I have 
several questions directed to you. What role 
does the gamma circuit play in the initiation 
of a willed movement? Is there an intrinsic 
cord mechanism which inhibits or facilitates 
the firing of the gamma circuit? Is there any 
way to study the activity of the gamma circuit 
in human beings? 

DR. DENNY-BROWN: This takes us a long way 
from consideration of muscle as a tissue. But 
the question certainly is a very practical one 
in relation to the energy of setting up a mus- 
cular contraction, which certainly can be de- 
rived from muscle spindle activation centrally 
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reflected to the regular motor neurons of the 
muscle concerned. I know of no way of a 
proaching this question in man, because the 
study of gamma innervation of the muscle 
spindles has been only in terms of dissecting 
individual dorsal roots to find the small spe- 
cific efferents to muscle spindles and to record 
directly from them. 

MODERATOR: A question in two parts: What 
is the explanation of the slowness of contrac- 
tion in denervated muscles? What is the ex- 
planation for the monophasic positive wave in 
denervation? This is directed to Dr. Denny- 
Brown. 

DR. DENNY-BROWN: I have explained the 


primitive type of response in denervated mus- 
cle fiber, and its resemblance to the response 
of the nondenervated “slow muscle fiber” of 
Kuffler. The reason for this slow response and 
of the monophasic potential that accompanies 
it is this lower polarization of the membrane 
of the slow muscle fiber which has a polariza- 
tion of around 40 microvolts, as opposed to 
70, 80, or 90 or more in fast types of muscle 
fiber. I suspect that further studies will show 
all grades of fiber in many muscles and not 
just two types. This would mean that these 
differences represent various grades of a dy- 
namic adjustment to physiologic need and not 
the existence of two categoric motor functions. 


@ For many diseases each man will have to make his own types; everybody does so 
consciously or unconsciously, but I submit that we should make them consciously 
and definitely. Taking for next illustration migraine: I make three types, or rather 
consider cases of it as they are, (1) typical, (2) subtypical, and (3) supertypical. 
(1) A typical case is one in which there is “visual projection,” the well-known zigzag 
or “fortification” outline is most common, with, in most cases, a hemianopic area; then 
comes headache, most often frontal and one-sided, and lastly vomiting. (2) There 
are subtypical cases, visual projections and nothing more, or headache unpreceded 
by visual projections and nothing more, or headache unpreceded by visual projections, 
and not followed by vomiting. (3) There are supertypical cases deserving very par- 
ticular consideration. In these there is in addition, so to say, to the other symptoms, 
numbness of one side of the body, and when the numbness is of the right side there 
may be also considerable aphasia. To the inexperienced these cases look far more 
serious than they are; they do not point to any gross local disease. Some of the 
symptoms of migraine, the headache among others, are, I think, after-effects of the 


discharge producing the paroxysm. 


J. Hughlings Jackson in Remarks on the Diagnosis and Treatment 
of Diseases of the Brain, published in 1888. 
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CURRENT COMMENT 


Neurology at the Crossroads 


G. H. Monrad-Krohn, M.D. 


Nevuro.ocy has found itself in the past and 
no doubt will find itself in the future at many 
crossroads, and at each crossing the problems 
will probably be different and not necessarily 
the same as the ones facing us wre 8 Knowl- 
edge in medical science rarely reaches a final 
stage. Progress and development continue, 
both in knowledge and in technics. The latter 
in particular create certain dangers, since spe- 
cial technics require special training which 
may become so complicated as to obscure the 

rincipal purpose o the procedures, namely 
our knowledge and understanding 
of the nervous system. In a general way, we 
may postulate that the future of neurology will 
depend upon its ability to assimilate the vari- 
ous special technics of today and of the future 
in a harmonious and balanced manner, without 
losing sight of the orientation and survey of 
neurology as a whole which obviously is in- 
dispensable for the necessary coordination of 
the various subdisciplines. 

The best assurance that the field of neurol- 
ogy will develop properly is to make sure that 
all workers in the field are pas trained in 
neuroanatomy, neurophysiology, and, last but 
not least, clinical neurology. In future neu- 
rology we do not want one-track men who, in 
neuroradiology, for example, forget necessary 
considerations to the patient for the sake of a 
good picture. Nor has neurology very much 
use for investigators who, in their excellent 
technical work on the electrical registrations of 
various functions of nervous structures in ani- 
mals, lose sight of homo sapiens in his like- 
nesses and differences from the experimental 
animal. Nor has neurology much use for such 
clinicians who, in their hunt for clinical curi- 
osities (and priorities), lose sight of general 
anatomic and physiologic problems. In this 
connection, I should like to add that the value 
of old curiosities depends on the light they 
may throw on general problems. At all times 
our chief aim, however, should be to apply 
newer information regarding neuroanatomy 
and neurophysiology to the clinical aspects of 
neurology in order to attain a more rational 
and fruitful basis for therapeutics. Talking of 
therapeutics, I should like to point out that 
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we may soon have still another form of neu- 
rologist, namely the pharmaconeurologist or 
the neuropharmacologist. 

It is apparent that I am strongly opposed 
to placing neuroanatomy and neurophysiology 
as well as other basic sciences in neurology 
too far out in the periphery of our sphere of 
interest. To my mind, these disciplines are 
central, important, and integrating parts of 
neurology. To my mind, the discovery of 
ascending fibers in the pyramidal tract is more 
important than many descriptions of weird 
clinical curiosities, and the minute study of 
the oligodendrocytes—their origin and func- 
tion—may probably be of equal or more prac- 
tical value for our understanding of demyelin- 
ating processes than descriptions of the various 
unusual clinical varieties of multiple sclerosis. 
The International Congresses of Neurolo 
have always fostered the importance of the 
basic fields of neurology, and at the first con- 
gress held in Bern in 1931 one of the most 
outstanding, never-to-be-forgotten contribu- 
tions was Hess's description and kinemato- 
graphic demonstration of experimental sleep 
in animals. I shall never forget it. 

However, in spite of the importance of basic 
neurology, one cannot overlook the sovereign 
position of the neurologic clinic, particularly 
since in recent years the clinic has been unju- 
diciously dethroned and there has developed a 
lack of balance between the different branches 
of neurology. Minute clinical observation and 
examination still have much to learn and much 
to give. 

For the future of neurology, then, I consider 
it necessary that all present and future sub- 
disciplines be assimilated in a harmonious and 
well coordinated way. But this is not done by 
calling our international meetings “Congresses 
of “Neurological Sciences,” a most unfortunate 
name which only accentuates the dismember- 
ing of our science. To my mind, it recalls 
Shelley’s words, “Human pride is skillful to in- 
vent most serious names to hide its ignorance.” 


Contribution to the Round Table Conference on the Fu- 
ture of Neurology at the Sixth International Congress of 
Neurology, Brussels, July 27, 1957. 

Holmenskolveien 5, Smestad, Oslo, Norway. 
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In some ultraspecialized quarters such human toward the psychoneuroses and their many 
pride and prestige may sometimes thrive too problems. Today when the word “psycho- 
well. somatic” is shouted at every street corner, it 
It will be az advantage to revert to the old should not be forgotten that there are also 
name for our congresses, that is, “International many “somatopsychic” processes and condi- 
Congresses of Neurology,” where neurologists tions which also need elucidation and treat- 
of all shades can discuss neurologic problems ment. To be more explicit, I fully realize that 
from different technical experience. there are many psychosomatic conditions where 
At the Paris congress in 1949, some of us psychic factors lead to somatic disturbances. 
of urged that the therapeutic side of clinical neu- But there are also many somatopsychic con- 
7 rology be given more attention. This has un- ditions where primary somatic lesions (often 
doubtedly borne fruit in many quarters, par- perhaps undiscovered) lead to secondary psy- 
d ticularly with regard to reeducation and re- chic disturbances (and also many cases with a 
ny habilitation. Yet, I still think that in many mixed etiology of psychic and somatic factors). 
oY quarters the therapeutic side of our science I have a feeling that the catchword “psycho- 
of might be given more attention, not only in our somatic” has in many quarters warped the bal- 
. daily work, but also at our meetings. Our anced judgment regarding this borderland. 
of therapeutics consist not only in neurosurgical When we consider what a multitude of dis- 
of handicraft and in old and new methods of re- ease processes since Charcot’s time have been 
ef education and rehabilitation but also in phar- enndlanial from the category of “functional 
rd macologic treatment. The pharmacology of the diseases” (largely believed to be psychosomatic) 
of nervous system is a branch of our science to that of primary somatic processes, it would 
c- which is now in rapid growth, and we should, be unwise to believe that this development has 
4 therefore, welcome neuropharmacologists in reached final results. In the past neurology 
” our midst and try to coordinate this important has contributed greatly to such transfers. In 
_ branch with the rest of neurology. the further elucidation of this important bor- 
is. Finally, I should like to mention that, to my _derland, neurologic research still has a scope— 
y mind, neurology has still a duty to fulfill and, therefore, also a duty. 
n- 
ist 
u- 
0- 
sic 
gn @ The two great causes of tetanus are, as has been mentioned already, cold and 
ly damp, and bodily injury of some sort. wr gO to cold and damp tells most in this 
u- manner when acting upon a body previously relaxed by heat and perspiring, and this 
a is all that can be said, except that this exposure is more likely to issue in tetanus 
os in a foul atmosphere than in a fresh one. As regards the hurt which may give rise 
ad to tetanus, it is difficult to know what to say. In the Peninsular war, as Sir James 
McGregor states, tetanus supervened on every description and in every stage of the 
ch wounds, from the slightest to the most formidable, in the healthy and » abc Frc 
the incised and lacerated, the most simple and the most complicated; and this state- 
ler ment expresses the opinion of all surgeons, army-surgeons and others. Indeed, all 
ib- that can be said is that punctured wounds seem to be more likely to issue in tetanus 
nd than excised, and wounds in the extremities more than wounds in the head, breast, 
by and neck. And certainly an inflammatory condition of the wound cannot be regarded 
es as essential. In a great number of cases, in the majority perhaps, the —— wound 
i was completely healed and almost forgotten when the symptoms of tetanus made 
their appearance. 
ills C. B. Radcliffe in On Diseases of the Spine 
rm ; and of the Nerves, published in 1871. 
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CASE REPORT 


Sarcomatous Degeneration of Osteitis Deformans 
Causing Compression of the Cauda Equina 


Bernard E. Finneson, M.D., Bernard Goluboff, M.D. and 
Henry A. Shenkin, M.D. 


PAGET’s DISEASE (osteitis deformans) is found 
in 3 per cent of autopsies on persons over 
40 years of age,' but spinal cord compression 
secondary to this disease is relatively rare, 
56 cases having been reported previously. 
Spinal compression due to sarcomatous change 
of osteitis deformans has not been noted in 
our survey of the literature. 


REPORT OF A CASE 


A 64-year-old white female was admitted to the 
Albert Einstein Medical Center on June 7, 1956 
with a four-year history of low back pain with ra- 
diation of pain into both lower extremities of four 
weeks’ duration. With the onset of pain radiating 
down her legs, the patient noted stiffness and weak- 
ness of the lower extremities upon arising in the 
morning, which improved as the day progressed. 
The patient herself had noted no change, but she 
had been told by friends and family that she ap- 
peared markedly shorter in recent years. 

Examination revealed marked tenderness to pres- 
sure over the lumbar spine; the lumbar curvature 
was greatly increased. Complete roentgen survey 
revealed advanced changes of Paget’s disease in- 
volving the left femur, right ilium, right humerus, 
lumbar vertebrae, and the sacrum. The Li-L. and 
L.-S: joints were markedly narrowed. Shortly after 
hospitalization, the patient stated that her pain had 
improved markedly and she expressed eagerness to 
return home. She was discharged on June 15, 1956. 

At home the pain in the low back and lower ex- 
tremities became progressively worse and it was 
necessary to re-hospitalize the patient on June 22, 
1956. On re-admission she was noted to expectorate 
blood-tinged sputum. This symptom, it was learned, 
had developed during her initial hospitalization 
but, in her desire to prevent a delay in discharge, 
the patient had withheld this information from the 
medical staff. In addition to pain, the weakness of 
both lower extremities had ene to the degree 
that she was unable to walk and she now com- 
plained of severe malaise. Portable roentgen ex- 
amination of the chest revealed multiple nodular 
shadows distributed throughout both lung fields. 
This was interpreted initially as evidence of pul- 
monary congestion and probable infarction, but this 
interpretation was subsequently changed to neo- 
plastic metastatic disease. 

On July 11, 1956 the patient was seen in neuro- 
surgical consultation. At that time she had weak- 


ness of both lower extremities, the right greater 
than the left, associated with severe tenderness of 
all muscle groups. The deep tendon reflexes were 
absent in the lower extremities. Painful sensation 
was diminished over the medial anterior aspect of 
the right leg and position sense was absent in both 
feet. The impression at that time was that the pa- 
tient had a rapidly advancing peripheral neurop- 
athy. A lumbar puncture was performed at the 
L,-L: interspace on July 13, 1956 and revealed a 
pressure of 30 to 40 mm. of water, with prompt 
rise and fall on jugular compression. On the morn- 
ing of July 14, 1956, the patient was found to have 
urinary and fecal incontinence associated with a 
complete motor paralysis of both lower extremities. 
All sensation was absent below the Lz segment. 
Shortly after paraplegia was noted a myelogram 
was performed. This revealed a complete block at 
the level of the second lumbar vertebra. Panto- 
paque flowed freely without obstruction or filling 
defect in the cervical and thoracic regions. 
Because of the reluctance of the family and pa- 
tient to consent to surgery, laminectomy was de- 
layed until the day following onset of paraplegia. 
At operation the spines and lamina from Lz to L; 
were found to be grossly involved by Paget’s dis- 
ease. These lamina were completely fused and gave 
the appearance of a solid sheath of bone. This bone 
was of softer consistency than normal and bled 
copiously when bitten into with a rongeur. Beneath 
the involved bone, soft greyish tumor tissue of a 
spongy consistency was encountered. The tumor did 
not appear to involve the dura. Upon removal of the 
epidural tumor tissue, the dura began to pulsate. 
Immediately after surgery the patient noted marked 
relief of pain and there was good return of sensation 
within three days. The motor power in her lower 
extremities improved slightly, but there was no im- 
provement in sphincter function postoperatively. 
The patient was discharged to her home on July 28, 
1956 and died one month later. A postmortem ex- 
amination was not performed. Microscopic exami- 
nation of the tissue removed at surgery showed that 
the fragments of bone had undergone changes typi- 
cal of osteitis deformans. The tumor tissue was 
identified as osteogenic sarcoma (figures 1-4). 


COMMENT 


Sir James Paget, the English surgeon who 
first described this disease as a clinical entity 


From the departments of neurosurgery and medicine, Albert 
Einstein Medical Center, Philadelphia, Pennsylvania. 
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Fic. 1. Bone in Paget’s disease showing mosaic pattern of cement lines and uneven scalloped margins due 


to alternating bone formation and destruction. 
Fic. 2. High power field. 


marrow is replaced by loose vascular connective tissue. 


Fic. 3. Osteogenic sarcoma with giant tumor cells (dark nuclei) and osteoclasts (large, pale, multinucleated 


cells at lower right of center). 


Fic. 4. Area of osteogenic sarcoma (upper left) with poorly formed osteoid tissue (upper central) and three 


osteoclasts (left). 


in 1877,° believed the bony changes were re- 
lated to an inflammatory process. Because the 
chief clinical manifestation was the deforming 
nature of bony changes, he called the disease 
“osteitis deformans.” In 1889 he wrote a 
— dealing with the relationship of osteitis 
deformans and osteogenic sarcoma. His study 
was based on the observation of five cases of 
cancer or sarcoma developing in 23 patients 
having osteitis deformans, and he concluded 
that he could not venture to guess what the 
nature of the connection was between the two 
diseases. Present opinion does not favor an 
inflammatory process as the cause of Paget's 
disease but, despite numerous and periodic 
reports in the literature on osteitis deformans, 
little has been added to our knowledge of the 
etiology of this condition or its relationship to 
osteogenic sarcoma. 

The incidence of sarcomatous degeneration 
in Paget’s disease varies according to different 
observers.? Some estimates are as follows: 
Sear,® 2 per cent; Geschickter and Copeland,® 
5 to 7 per cent; Packard and _ associates,'? 


7.5 per cent; Gruner and associates,'' 9.0 per 
cent; DaCosta and co-workers,'* 9.5 per cent; 
Bird,’* 11 per cent. Several series of osteo- 
genic sarcoma occurring in Paget's disease 
have been reported more recently.'4-"® The 
average age of patients having this complica- 
tion is 60 years, and males appear to be af- 
flicted more commonly, as has been noted also 
in patients suffering with osteogenic sarcoma 
that occurs independently. An elevated alka- 
line phosphatase is the rule, the average figure 
being 42 Bodansky units. It has recently been 
pointed out that pulmonary metastasis is com- 
mon, developing in 11 out of a reported series 
of 19 patients.'® Osteogenic sarcoma, when it 
develops in osteitis deformans, is found only 
in the involved bones but may occur in sev- 
eral bones simultaneously. 

In evaluating the cause of this patient’s neu- 
rologic symptoms after the development of 
paraplegia, malignant neoplastic degeneration 
was suspected seg because of the high- 
ly suspicious chest film. This preoperative im- 
pression was augmented by the site of the 
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compression. Although osteitis deformans in- 
volves the lumbar spine more frequently than 
the dorsal, when spinal cord compression oc- 
curs as the result of osteitis deformans it de- 
velops almost always in the dorsal region. The 
probable explanation for this predilection is 
that the smallest cross-sectional area of the 
spinal canal is in the thoracic region and, 
therefore, any proliferation of the bony ver- 
tebral ring would be more apt to manifest 
itself by spinal cord embarrassment at this 
level.!7 The rapid onset of paraplegia was also 
of value in indicating that the compression was 
caused by a rapidly expanding neoplasm as 
opposed to simple Paget’s disease. The vast 
majority of reported cases of compression due 
to osteitis deformans had chronic development 
of symptoms, with only an occasional report 
of acute onset of neurologic symptoms. 

With regard to surgical technic, greater 
than usual care is required in performing bi- 
lateral subperiosteal paravertebral muscle dis- 
section when the underlying lamina are in- 
volved by Paget’s disease. There is an increase 
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BOOK 


The Epileptic Seizure 
Cosimo Ajmone-Marsan, M.D. and Bruce 
L. Ralston, M.D. 1957. Springfield, Ilinois: 
Charles C Thomas, Publisher. 251 pages. 
$6.00. 


AttHoucH bearing the hallmark of the Mont- 
real school, this study derives from the branch 
of electroencephalography and clinical neuro- 
physiology of the National Institute of Neuro- 
logical Diseases and Blindness. In the main, 
an effort is made to describe objectively con- 
vulsions activated by Metrazol in patients ad- 
mitted to the epilepsy unit for the study of 
intractable seizures. Data upon 119 such cases 
is included, 52 of which were classified as 
having a unilateral or a bilateral temporal ori- 
gin. Electroencephalographic tracings done 
simultaneously permit concerning 
the ultimate cerebral origin of particular se- 
quences of seizure and the routes of spread 
from different epileptogenic foci. 

A valuable review of the Metrazol activa- 
tion literature is provided. This is developed 
with respect to methods of intravenous admin- 
istration and dosage, body weight, threshold 
of activation, criteria for interpretation of elec- 
troencephalographic changes, and results of 
activation in control as compared with epi- 
leptic patients. In the majority of cases re- 
ported, Metrazol injection was continued until 
a seizure resulted; data are presented on pre- 
ictal paroxysmal, immediate pre-ictal, ictal, 
and post-ictal changes, and on the relations 
between electroencephalographic signs of ac- 
tivation and the sequence of development of 
a seizure. 

Phenomena of note observed during the 
usual two minute ictus were: tonic postural 
alteration, full or larval (M2e); unilateral tonic 
facial contraction (UTF); ictal focal clonic 
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activity; ictal aphasia; head turning; eye move- 
ments; automatism; and generalized tonic- 
clonic convulsion (GM). Under seizure pat- 
tern formulae, the sequence in which these 
may appear is evaluated as an aid in deciding 
the localization of an epileptogenic focus. For 
example (p. 127), “The elimination of an ini- 
tial automatism from the seizure formula. of 
M2e, UTF, and GM radically alters the diag- 
nostic significance in terms of localization, but 
not lateralization of the discharge. The em- 
phasis in localization switches to above the 
Sylvian fissure with the frontal-supplementary 
and supplementary groups being most prom- 
inent, and next, the parieto-occipital.” In this 
fashion the writers weigh the significance of 
different formulae in determining the site from 
which activated seizures spread. Their classi- 
fication includes temporal (uni- and bilateral, 
and questionable), anterior frontal, frontal sup- 


plementary, supplementary motor, central, 
parieto-occipital, unlocalized, centren- 
cephalic. 


The Jasper “10-20 system” of recording was 
used, and numerous tracings are illustrated. 
More often than not, the labels are too small 
to be legible and the tracings themselves some- 
times suffer from excessive reduction in print- 
ing. References to electrocorticographic con- 
firmation of the sites from which seizures were 
presumed to spread are alluded to infrequent- 
ly. One is left with the impression that seiz- 
ure formula plus scalp recorded tracings were 
the principal determinants of localization. 

Although research emphasis is primary, the 
book contains material of practical value to 
those who use Metrazol activation as a prelude 
to the surgical treatment of intractable seiz- 
ures. For others, the relatively high price for 
a book of limited scope. suggests. inspection of 
contents. 

J. L. 0. 
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Methodology of the Study of Ageing 


Edited by G. E. W. Wolstenholme and Ce- 
celia M. O'Connor. Ciba Foundation Col- 
loquia on Ageing. Volume 3, 1957. Boston: 
Little, Brown and Company, 202 pages. 
$6.50. 


THIS VOLUME, another in the now familiar 
series of Ciba Colloquia, presents 12 papers 
on modes of investigating the problems of 
gerontology. The experienced reader of the 
Ciba studies will always include the informal 
discussion which follows each presentation as 
a source of much curious and colorful infor- 
mation. 

There are several studies on the life span 
of various animals and an account of the re- 
action of rats to standard stimuli at different 
ages. As to human application, there is a pa- 
per utilizing adaptability as a criterion of 
youthfulness; this concept is comprehensive 
and includes such an elemental factor as the 
varying adaptability to temperature from in- 
fancy to old age. Methods of studying nutri- 


Pneumoencephalography 
E. Graeme Robertson. 1957. Springfield, 
Illinois: Charles C Thomas, Publisher. 482 
pages. $14.50. 


Tis Booxk by a distinguished clinical neurolo- 
gist is an outstanding contribution to the litera- 
ture on pneumoencephalography. It is based 
primarily on the author's broad personal ex- 
perience in the field and it reflects his own 
findings and opinions. Despite this, there is 
an ample bibliography. The reproductions 
appear not to have been retouched and are 
supplemented by line drawings. 

The first nine chapters are devoted to prob- 
lems of anatomy, radiology, and the mechanics 
of pneumoencephalography. Included is a 
complete consideration of the mechanisms of 
ventricular and subarachnoid filling with gas, 
the applications of these principles to practice, 
the reasons for failure of filling, and corrective 
measures to be taken. 

Chapters 10 to 20 review the problems of 
pneumoencephalographic diagnosis according 
to regions. Each region is discussed from the 
aspects of radiographic anatomy, normal ap- 
pearance, roentgen-ray projections used, meas- 
urements available, and pathologic appear- 
ances. The posterior fossa, aqueduct of Syl- 
vius, third ventricle and neighboring cisterns, 


tion, genetics, behavior, performance, and in- 
telligence with reference to the aging process 
are presented. 

There is a great deal of lore in the folk 
tradition and in general literature on the sub- 
ject of growing old, much of which, as Ward 
Halstead has recently pointed out, is uncrit- 
ically accepted by people and some of which 
proves to be erroneous when subjected to crit- 
ical studies and evaluation. All animals, ap- 
parently, may suffer from characteristic dis. 
eases which shorten their life span; a reading 
of these collected essays, however, indicates 
that there is very likely in all living things a 
period of nonpathologic senescence in which 
aging follows a pattern typical of the species 
and terminates finally in natural dissolution 
or death. One could suppose that the practical 
goal of an inquiry like this is to clear the or- 
gans of all extraneous disease processes so 
that a man would arrive at a state of natural 
senescence. 

This book is nicely edited and, because of 
the conversational tone of portions of it, espe- 
cially interesting to read. 

A. V. 


suprasellar region, lateral ventricles, and sub- 
arachnoid spaces are discussed individually. 

The author emphasizes the value of sub- 
arachnoid as well as ventricular filling in the 
diagnosis of lesions of the posterior fossa. Em- 
phasis also is ~— on the value of pneumo- 
encephalography in decision as to the best op- 
erative approach, ramifications of the tumor, 
completeness of removal, and nature of a lesion 
in the suprasellar region. Particularly impress- 
ive is his description of how to decant gas into 
the ventricular system to fill the third ventricle 
or into the subarachnoid spaces to outline the 
suprasellar region at will. There is a short 
chapter on the use of ae. 

Chapters 21 to 25 are utilized to discuss the 
application of pneumoencephalography to cer- 
tain neurologic disorders, including atrophic 
lesions, vascular disease, injuries to the head, 
infections, and The difficulty 
in establishing satisfactory criteria for atrophy 
on pneumoencephalographic grounds is dis- 
cussed. 

The next two chapters are devoted to pnev- 
moencephalography in children and to devel- 
opmental anomalies. These chapters are out- 
standing. In the final chapter, the author takes 
a thoughtful look at the value of and indica- 
tions for pneumoencephalography. 

J.B. B. 
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New Research Techniques 

for Neuroanatomy 
A symposium. Edited by William F. Windle, 
M.D. 1957. Springfield, Illinois: Charles C 
Thomas, Publisher. 98 pages. $4.75. 


Tails SYMPOSIUM, sponsored by the National 
Multiple Sclerosis Society, offers nine papers 
on modern methodology in neuroanatomy and 
announces, by inference, a new and dynamic 
era in the study of the morphology of the nerv- 
ous system. 

Electron microscopy in neuroanatomy is pre- 
sented by Sanford L. Palay; he notes that it 
is already exercising a maieutic influence on 
the birth of cytologic concepts. Nauta de- 
scribes in careful detail the silver impregna- 
tion of degenerating axons, adding a new tool 
for the tracing of conduction pathways. Grant 
L. Rasmussen describes a selective silver im- 


Selected Writings of Walter E. Dandy 


Compiled by C. E. Troland and F. J. Otena- 
sek. 1957. Springfield, Illinois: Charles C 
Thomas, Publisher. 789 pages. $15.00. 


AMERICAN NEUROSURGERY, to a large extent, 
has been founded upon the pioneering works 
of Harvey Cushing and Walter Dandy. Be- 
cause the outstanding contributions of Walter 
Dandy were published in many different jour- 
nals, both American and foreign, neurosur- 
geons will be grateful to Drs. Troland and 
Otenasek who have compiled his major pa- 
pers, unabridged, in a single volume. 

In this series of 78 articles published from 
1911 to 1946 are papers on many subjects 
which interested Dandy, from the blood supply 
of the pituitary gland to the seat of conscious- 
ness. Included in their number are many 
“firsts” — ventriculography, total extirpation of 
acoustic neuromas, posterior route for trigem- 
inal section, hemispherectomy, partial eighth 


Oligophrenia in Combination with 

Congenital Ichthyosis and Spastic 

Disorders. A clinical and genetic study. 
Torsten Sjégren and Tage Larsson. Acta 
Psychiat. et Neurol. Supplementum 113, 
Vol. 32. 1957. Copenhagen: Ejnar Munks- 
gaard. 25 Swedish crowns. © 


SjéGREN AND Larsson describe a drome 
consisting of oligophrenia, congenital ichthy- 


pregnation of synaptic endings and illustrates 
the method with photomicrographs revealing 
synaptic terminals in astounding clarity. Tis- 
sue culture studies of neural tissue is the sub- 
ject of Margaret Murray who presents an his- 
toric background and illustrates the current 
status with a review of her work on the effects 
of drugs on living oligodendroglia. Louis So- 
koloff describes physiochemical technics for 
determining local cerebral blood flow and his 
studies on relating it to functional activity. The 
localization of enzymes in nervous tissue is 
discussed by George Koelle, and the quantita- 
tive histochemistry of the nervous system by 
ultramicroanalysis is presented by R. Wayne 
Albers. A final summarizing chapter by Ed- 
ward Dempsey concludes a worthwhile little 
book. Most readers will appreciate the ar- 
rangement of a single bibliography for all the 
references. 

A. R. V. 


nerve section for Méniére’s syndrome, and in- 
tracranial clipping of aneurysms, among others. 
There is also the description of the herniated 
intervertebral disk — with the speculation that 
such lesions might offer a pathologic explana- 
tion for sciatica. 

The reviewer regrets that the compilers did 
not add a biographic foreword regarding this 
rugged and skilful pioneer in neurologic sur- 
gery. Such a sketch would have been wel- 
comed by all who have admired his accom- 
plishments in the field. 

From the practical standpoint, the book is 
attractive and well printed. More complete 
and uniform bibliographic references would 
have appealed to literary stylists, and a subject 
index would have greatly added to the useful- 
ness of the compilations. However, these col- 
lected papers can be recommended to all in- 
terested in the development of rae con- 
cepts and er technics for the alle- 
viation of diseases of the nervous system. 

A. E. W. 


osis, spastic paraplegia, and, less consistently, 
degenerative retinitis. The syndrome is ge- 
netically determined through a monohybrid, 
autosomal, recessive type of transmission of 
the heritable trait. This was traced in 33 
individuals of 11 families, all stemming from 
a geographically restricted area of a single 
county in northern Sweden. The genea- 
logic study of the affected families encom- 
passed ten generations extending back to the 
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88 BOOK REVIEWS 


seventeenth century. Such research in human 
pathogenetics is possible probably only in 
Sweden. The ethnic homogeneity, the stability 
of communal traditions and practices, and the 
relative constancy of ecologic conditions 
through three centuries of uninterrupted polit- 
ical and economic peace make of Sweden a 
unique observatory of human genetics. 

The new heredofamilial syndrome appears 
to have a well substantiated claim for being 
a. genuine clinical and genic entity. In the 
33 affected individuals the instances of disso- 
ciated or abortive forms of this syndrome 
were remarkably few. The perimacular retinal 
degeneration was more frequently wanting 
than any other of the four cardinal compo- 
nents of the syndrome; the ophthalmologic ex- 
amination which was available in 14 cases re- 
vealed retinal degeneration in three. Oligo- 
phrenia was not demonstrable in three. The 
spasticity was absent or not noted in five. 
Early mortality among individuals affected 
with this congenital syndrome was high; the 


The Significance of Electroencephalogra- 
phy for the Diagnosis and Localization 
of Cerebral Tumors 


J. H. A. Van Der Drift. 1957. Leiden: 
H. E. Stenfert Kroese N. V. 131 pages. 


THIS IS A WELL BALANCED sTuDY based on 344 
cases of cerebral tumor verified at operation 
or autopsy, presented with reference to elec- 
troencephalographic findings and with due 
consideration for other clinical modes of ex- 
amination. The book, printed in Holland, is 
written in English; it contains summaries in 
Dutch, French, and German. It is well illus- 
trated; the series of 12 drawings presenting 
the actual localization of tumor as compared 


life span was half of that for the general pop- 
ulation; yet in several instances the hereditary 
affection was compatible with survival to the 
early sixties, the oldest patient being 64. There 
was a high incidence of consanguinity in the 
genealogic trees of affected families. 

The new syndrome is of distinct interest 
and should be known especially to workers 
in the field of mental deficiency. The occur- 
rence of this syndrome in the institutions for 
feeble-minded persons in Sweden was esti- 
mated to be 1:1000. Theoretically, one might 
expect a similar incidence of this syndrome 
among feeble-minded persons in other coun- 
tries. The density of distribution of mutant 
gene, however, may vary greatly in different 
populations. Its apparent concentration in a 
small geographic zone of a county in Sweden 
appears to be the corollary of the historical- 
cultural factors lacking in most other parts of 
man’s living space on this planet. This mono- 
graph is a significant contribution to human 
genetics and its pathology. 

P. 1. Y. 


with the site of maximum delta activity is 
especially worthy of commendation. 

The author studied in detail electroenceph- 
alographic abnormalities caused by different 
types of tumors and was not able to find a 
pattern specific for each histologic type. 

The methodology is within the range of 
standard procedure. No strikingly original 
observations are made, but the value of elec- 
troencephalography as an important and some- 
times critical accessory in the diagnosis of 
brain tumor is demonstrated by a straight- 
forward analysis of an extensive series of cases. 
will find this work worth reading. 

A.R.Y. 
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RESTORES 
EMOTIONAL 


anxiety and tenseness quickly allayed 


‘Ultran’ is beneficial in a wide range 
of conditions. It may reduce the 
severity of or eliminate anxiety- 
tension states and the anxiety asso- 
ciated with such conditions as pri- 
marily organic diseases, emotional 
instability, menopause syndrome, 


premenstrual tension, and insomnia. 

‘Ultran’ is well tolerated and rel- 
atively safe. It is also chemically 
different from all other tranquilizers. 


Pulvules of 300 mg.; usually 1 t.i.d. 


*Ultran’ (Phenaglycodol, Lilly) 


ELI LILLY AND COMPANY e¢ INDIANAPOLIS 6, INDIANA, U.S.A, 
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Products and Sewices 


The information below was supplied by the manufacturers 


PACATAL AID IN LONG-TERM PSYCHOTICS 


Moderate to marked improvement in the con- 
dition of more than 40 per cent of a group of 
86 schizophrenic patients under treatment with 
the “normalizing” drug Pacatal has been re- 
ported. A total of 118 patients were included 
in the study. All had a history of mental illness 
lasting more than two years, and 74 per cent 
of them had been sick for ten or more years. 
The results obtained with Pacatal are consid- 
ered promising, and its use is recommended 
for patients whose disease is of shorter duration 
and who are therefore better candidates for 
drug therapy. The patients reported on were 
chronically psychotic and refractory to all pre- 
vious forms of therapy. 

The study indicated that the patients benefit- 
ed most from Pacatal in exhibiting improved 
improved sleep and and 
reduction in tension, combativeness, and over- 
activity. The drug produced less satisfactory 
results in helping patients overcome such symp- 
toms as strange mannerisms, self-mutilation, loss 
of memory, delusions, and hallucinations. Of the 
86 schizophrenics, 12 per cent showed marked 
improvement, while approximately one-third 


registered moderate improvement. Slight im- 
provement was exhibited by one-half the group. 
Only 11.9 per cent obtained no benefit. 

Four other types of mental patients were 
included in the study. However, the numbers 
were too small to be statistically significant. Of 
16 patients with chronic brain damage, four 
showed marked improvement, eight slight im- 
provement, and four no improvement. All of 
12 patients with psychoneuroses and manic de- 
pressive reactions showed slight improvement. 
Two of four mental defectives showed slight 
improvement and two did not. 

The patients themselves were enthusiastic 
about the drug. Some developed such a strong 
sense of well-being that they were reluctant to 
communicate their discomfort resulting from 
some of the side-effects for fear that the drug 
would be withdrawn. The most common side 
reaction to Pacatal was dizziness, but this 
usually disappeared after two weeks of treat- 
ment. Sixteen patients reported blurring of vi- 
sion. For this, neostigmine is recommended as 
a remedy. Only one patient developed a severe 
depressive reaction during Pacatal therapy. 
This was overcome by doubling her dosage of 
the drug. 


outdoor activities. 
supervision. 


countryside. 
HALL-BROOKE 


George S. Hughes, M.D. 
Leo H. Berman, M.D. 
Alfred Berl, M.D. 

Louis J. Micheels, M.D. 


A licensed private hospital devoted to active treatment, analytically- 
oriented psychotherapy, and the various somatic therapies. 
A high ratio of staff to patients. 


Large occupational therapy building with a trained staff offers 
complete facilities for crafts, arts and recreation. Full program of 


Each patient is under constant, daily psychiatric and medical 


Located one hour from New York on 120 acres of Connecticut 


Greens Farms, Box 31, Conn., Tel.: Westport, CApital 7-5105 


Robert Isenman, M.D. 

ohn D. Marshall, Jr., M.D. 

eter P. Barbara, Ph.D. 

Heide F. and Samuel Bernard, Administration 


New York Office: 46 East 73rd Street. LEhigh 5-5155 
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(ND UNIQUE... 


Parapsychology 


The Hangover 


A Critical Study in the 
Psychodynamics of 
Alcoholism 


By 


BENJAMIN KARPMAN, M.D. 
Chief Psychotherapist 
St. Elizabeths Hospital 
Washington, D.C. 


“In the entire set of reactions which 
appear to follow the use of alcohol, 
none, it seems, is more remarkable 
than that which goes under the name 
‘HANGOVER.’ ”—From the Preface. 


A frank and penetrating study of the 
lives of seven men and seven women 
alcoholics in whom the “hangover” is 
shown to be symptomatic of the spe- 
cific underlying personality disorders 
which lead to alcoholism. Dr. Karp- 
man’s study shows that analysis of the 
hangover yields valuable clues as to 
the nature of the personality mal- 
adjustment. Individual differences in 
the reaction to alcohol are clearly 
shown in the hangover period. 


REFLECTED IN THE HANG- 
OVER ARE VIRTUALLY ALL 
PSYCHOLOGICAL ASPECTS 
OF ALCOHOLISM. 


Much of the material is in the words 
of the men and women concerned and 
they discuss freely the interplay of 
problems connected with family, sex, 
employment, and social life. The ma- 
terial presented will be valuable to 
workers in many fields of the social 
sciences as well as to psychiatrists. 
Unusual original drawings by Wesley R. 
Wilken vividly illustrate major points 
in each case and convey the sufferings 
and the utter futility of the life of the 
confirmed alcoholic. 


560 pages (6x9) 16 illustrations 
Published fall 1957 
Sent on approval, $9.50 


Frontier Science of the Mind 
by 
J. B. RHINE, Ph.D. 
and 


J. G. PRATT. Ph.D. 


Parapsychology Laboratory 
of Duke University 


A Survey of the Field, The 
Methods, and The Results 
of ESP and PK Research 


Today students in the colleges want 
to find out what is known about psi 
capacity, and even a few courses on 
are being announced. 
To fill this need the authors have 
written a book that in itself intro- 
duces the reader to the field of para- 
psychology, defines the terms, de- 
scribes the methods, and summarizes 
all the main facts accumulated to 
date. 

Provides for the convenience of 
rofessional and research workers the 

sic techniques used in the tests on 
which most of the psi investigations 
have depended; and adds tables and 
measures for the appraisal of test 
results. 

It is READABLE; it is COMPRE- 

HENSIVE; it is USEFUL as a 


manual. 


Written in the world center of ex- 
perimental research in the field it 
covers, the Parapsychology Labora- 
tory of Duke University. 


232 pages (6x9) 10 illustrations 
Published fall 1957 


Sent on approval, $4.75 


CHARLES C THOMAS ° PUBLISHER 
301-327 East Lawrence Avenue 
Springfield, Mlinois 
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PEGANONE—ABBOTT ANTICONVULSANT 


Peganone, made by Abbott Laboratories, 
North Chicago, Illinois, is a new anticonvulsant 
of the hydantoin series. It is especially effec- 
tive in controlling grand mal epilepsy, with an 
unusually low incidence of side reactions. In 
resistant cases where previous medication has 
been associated with side effects, Peganone may 
often be added to the existing regimen with 
marked benefit. It is indicated not only for 
controlling grand mal seizures, but also, to a 


lesser extent, for controlling psychomotor, petit 
mal, and petit mal variant seizures. In mixed 
types of epilepsy, good results may be obtained 
from the combined use of Peganone and other 
anticonvulsants. 

Monthly blood counts and urinalyses should 
be performed until the patient’s tolerance to 
the drug is established. If clinical evidence 
suggests hepatic disorder, tests for liver func- 
tion should be performed. Peganone is supplied 
as grooved tablets of 250 mg. and 500 mg. 


BALDPATE, Ine. 


Geo. Fleetwood 2-2131 Georgetown, Mass. 
Located in the hills of Essex County, 30 miles north of Boston 


For the treatment of psychoneuroses, personality 
disorders, psychoses, alcoholism and drug addiction. 


Definitive psychotherapy, somatic therapies, pharmacotherapy, milieu-therapy 
under direction of trained occupational and recreational therapists. 


M. ScHLOMER, M.D. 
Medical Director 


Harry C. Sotomon, M.D. 
Consulting Psychiatrist 


complete integrated facilities for 


ELECTROMY OGRAPHY 


@ SINGLE CHANNEL EMG with two-channel magnetic 
tape recorder for recording notes 
1.37 | and EMG simultaneously. 


@ TWO-CHANNEL EMG permits simultaneous recording 
and study of two EMG poten- 
tials or of one potential together 
with a related physical param- 
eter such as force or pressure. 


Model TE 2-7 


® Automatic controls and new circuits provide simplified 
reliable operation without shielded rooms in most loca- 
tions. © EMG potentials faithfully reproduced by special 
recorder circuits. ® Specifications equal or surpass require- 
ments for research, teaching and clinical use. 


NEW rugged COAXIAL NEEDLE ELEC- 
TRODE withstands autoclaving, has tapered 
shaft, 26 gauge at tip, insulated handle. 


80 Main St. 
| ECA White 
CORPORATION New York 
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N EW S | ETT ER AMERICAN ACADEMY OF NEUROLOGY 


Francis M. Forster, President 
Augustus S. Rose, President-Elect JANUARY 1958 


Special Review Courses The traditional two-day prelude to the an- 
to Precede AAN Meeting nual Academy meetings are the special 

review courses in clinical and basic 
neurology, organized by the AAN committee on special courses, of 
which A. B. Baker is chairman. This year the course in neuro- 
pathology, an annual "must," will be repeated. Other courses 
previously given will appear in new form and some completely new 
courses will be introduced. Each course, whether previously given 
or not, will present new advances in its respective field. Among 
the courses to be given are: disorders of movement, under Charles A. 
Kane; EEG, under Frank Morrell; pediatric neurology, under Sidney 
Carter; neuro-ophthalmology, under N. S. Schlezinger; and neuro- 
pathology, under Fae Y. Tichy. There is to be a new course in 
neuropharmacology, chaired by Donald B. Tower, which will present 
the pharmacology of neuronal conduction and of tranquilizing and 
related drugs. Other considerations will be the pharmacologic 
aspects of treatment of cerebrovascular disease and of the re- 
actions of the nervous system to various toxic agents. Another 
new course will cover the fine structure of the nervous system, 
under the chairmanship of William F. Windle. This course will 
include the microscopic and chemical structure of neurons, the fine 
structure of neurons, neuroglia, the central neuropil, and the fine 
structure of synapse. Also included in the course will be consid- 
eration of the fine structure of myelin in the peripheral and cen- 
tral nervous system. Joe R. Brown will again give his popular 
course on current advances in neurology in revised form. The 
special review courses will precede (April 21-235) the annual AAN 
meeting at the Bellevue-Stratford Hotel in Philadelphia (April 
24-26)..+. Except for neuropathology, the fee for each course will 
be $15.00 for junior members; $20.00 for fellows, actives, and 
associates; and $30.00 for non-members. The course in neuro- 
pathology requires, in addition to the regular fee, a deposit of 
$25.00 for the loan of slides which will be refunded when the 
slides are returned. This fee is the same for all membership cate- 
gories.... Since enrollment in these courses will be limited, 
early registration is urged. Application forms and other informa- 
tion may be obtained from Mrs. J. C. McKinley, Executive Secretary, 
American Academy of Neurology, 3501 East 54th Street, Minneapolis 
17, Minnesota. ; 


A. L. Sahs, Vice-President 

Joseph M. Foley, Secretary 

Charles Van Buskirk, Treasurer 


Postgraduate Course in Under the direction of Russell N. DeJong, 
Clinical Neurology a@ postgraduate course in clinical neurol- 

ogy will be given at the University 
Hospital, Ann Arbor (May 7-8, 1958). Inquiries and communications 
should be addressed to the Department of Postgraduate Medicine, 
University Hospital, Ann Arbor, Michigan. 


Epilepsy Program At the scien ic sessions of the annual 
Emphasizes Treatment meeting of tue American League Against 
Epilepsy, Hotel Roosevelt, New York 
(Dec. 12, 1957), a scientific program was presented, highlighting 
treatment and management. Included in the sessions were papers on 
toxic reactions to anticonvulsant drugs and their control; physio- 
logic and EEG, clinical and therapeutic aspects of status epilep- 
ticus; and the medical and psychologic aspects of psychomotor and 
temporal lobe epilepsy. A. J. Derbyshire and A. L. Rolfe of 
Detroit made a presentation on "A Mobile EEG Laboratory Serving 
Convulsive Patients." The presidential address was given by J. K. 
Merlis. A. E. Walker reported on the International League meeting, 
held in conjunction with the International Congress of Neurological 
Sciences, Brussels, July 1957. Gilbert H. Glaser was chairman of 
the scientific program, while Dr. William Caveness was in charge of 
local arrangements. 


Eastman Lauds Symposium Nicholson J. Eastman, president of the 
on Kernicterus American Academy for Cerebral Palsy and 
professor of obstetrics and gynecology at 
Johns Hopkins University School of Medicine, praised highly the 
Symposium on "The Role of Erythroblastosis and Kernicterus in 
Cerebral Palsy," held on the day preceding (Nov. 24) the eleventh 
annual meeting of the American Academy for Cerebral Palsy in the 
Hotel Roosevelt, New Orleans (Newsletter, Dec. 1957). Prof. East- 
man said: "The real highlight of our meeting was the symposium on 
kernicterus, which attracted the largest attendance of any of the 
scientific sessions. New work was reported and discussed with 
pertinent vigor. A prominent guest discussor was J. Godwin Green- 
field of London, now a visiting scientist at the National Institute 
of Neurological Diseases and Blindness, who pioneered the original 
neuropathologic studies on the basal ganglia in neonatal jaundice." 
Professor Eastman went on to say, "this symposium was in keeping 
with the policy of the Academy to consider neurologic basic re- 
search as an essential additive to its sessions on cerebral palsy." 
«ees The Symposium on kernicterus was prepared by the AACP research 
committee, comprising Chester A. Swinyard, chairman, Pearce Bailey, 
Webb E. Haymaker, and H. Houston Merritt. 


Easter Seal Foundation At its October 29 meeting in Chicago, the 

Makes Research Awards Easter Seal Research Foundation of the Na- 
tional Society for Crippled Children and 

Adults, under its chairman, Dr. William T. Sanger, Chancellor of 
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the Medical College of Virginia, awarded 12 grants, including re- 
newals, in the amount of $81,770.67. Among the AAN members to 
receive awards were Francis M. Forster, Isabel Lockard, and Meyer 
A. Perlstein.... Since the first meeting of the foundation's board 
of trustees in October 1956, 22 grants totaling $183,178.28 

for research studies have been made to institutions and scientists 
from coast to coast=--to universities, medical schools, and profes- 
sional organizations. The foundation's research program is a 
comprehensive one, seeking to expand both basic and clinical re- 
search in every phase of crippling.... Inquiries should be 
addressed to Dr. William Gellman, Director, Easter Seal Research 
Foundation, National Society for Crippled Children and Adults, 11 
South LaSalle Street, Chicago 3, Illinois. 


Scientific Counselors A group of six experts have been appointed 
Appointed atNINDB as scientific counselors to advise in the 

conduct of the basic and clinical investiga- 
tions programs at the National Institute of Neurological Diseases 
and Blindness in Bethesda. Members of the group are: Hallowell 
Davis (St. Louis) chairman, Raymond D. Adams (Boston), Howard 
Curtis (Upton, N. Y.), Algernon B. Reese (New York), R. J. Rossiter 
(London, Canada), and A. Earl Walker (Baltimore). It is planned 
that this advisory group will hold about two meetings a year at 
NINDB.... The establishment of advisory groups on intramural pro- 
grams at the National Institutes of Health followed a recommenda- 
tion of a committee appointed by the National Science Foundation in 
1955 at the request of the Department of Health, Education, and 
Welfare. 


Neurosurgeons Meet The Congress of Neurological Surgeons held 

in Washington the seventh annual meeting at the Statler 
Hotel, Washington, D. C. (Dec. 8-9). The pro- 

gram featured a symposium on pediatric neurology. The principal 

guest speaker was Francis C. Grant of Philadelphia. 


Construction Started On an L-shaped plot of 27,500 square feet 
on Muscle Institute extending from East 7lst to 72nd Streets, New 
York City, ground-breaking ceremonies for con- 
struction of the Institute for Muscle Disease of the Muscular 
Dystrophy Associations of America were conducted (Oct. 18). MDAA 
President William Mazer introduced the participants: Mr. Paul 
Cohen, chairman MDAA Executive Committee; Dr. A. T. Milhorat, 
chairman MDAA Medical Advisory Committee; Mrs. Robert F. Wagner, 
wife of New York City's mayor; Johnny Power, a muscular dystrophy 
patient; and Mrs. Lou Gehrig, national campaign chairman.... The 
Institute for Muscle Disease, scheduled to open in December 1958, 
is to be a center for research in muscular dystrophy and related 
disorders and serve as a clearing-house for the collection and 
dissemination of data in this field gathered from all over the 


ail 


world. The center, according to MDAA spokesmen, will in no way 
curtail the associations’ established program of research grants 
«eee Included on the board of trustees of the Muscle Institute are 
Detlev W. Bronk, president of the Rockefeller Institute for 
Medical Research, and Cornelius P. Rhoads, director of the Sloan- 
Kettering Institute and scientific director of the Memorial Center 
for Cancer and Allied Diseases. 


Briefs Herbert H. Jasper, professor of experimental neurology, 
McGill University, Montreal, gave the annual Israel S. 
Wechsler lecture (Dec. 13, 1957), at the Mount Sinai Hospital in 
New York. His topic was progress and problems in brain research.... 
Dr. John Meyer has been appointed head of the newly formed depart- 
ment of neurology at Wayne State University in Detroit.... Ina 
recent issue of MEDICINE AND HYGIENE, Professor M. Minkowski 
(Zurich) has an interesting article on his impressions of neurology 
and psychiatry gathered during a recent trip to the United States. 
His impressions were developed as a result of visits to New York, 
Boston, Baltimore, Washington, Bethesda, Richmond, Galveston, and 
Atlantic City where he attended the 1957 meeting of the American 
Neurological Association and was made an honorary member. His 
visit was made possible through a senior fellowship from the Uni- 
versity of Texas School of Medicine in Galveston.... This year's 
Gold Medal Award by the University of Rochester Medical School 
Alumni Association went to Paul Garvey.... Recently has come the 
sad news of the death of AAN fellow R. Finley Gayle, Jr., of 
Richmond, Va. (Nov. 4, 1957).... A recent visitor to the New York 
Neurological Institute was Peter Bradshaw of the University of 
Leeds, England.... J. L. O'Leary has been added to the NINDB 
Advisory Council.... The National Institute of Mental Health has 
established a technical information unit and psychopharmacology 
service center in Bethesda, to stimulate and facilitate research 
in this field and serve as a general clearing-house for psycho- 
pharmacologic information. Dr. Lorraine Bouthilet heads this unit. 


a new useful dosage form of Equanil 


* 


Especially coated, easy to swallow 

Tranquilizer-conscious patients will not recognize new yellow tablets 
Different from regular 400-mg. and 200-mg. tablets 

Same indications, same dosage as original EQUANIL 


NOW YOU HAVE A CHOICE OF 3 EQUANIL TABLETS 


400 mg. 
Yellow tablets, bottles of 50. 
200 mg. 
Distinctive, shield-shaped, 400 mg. 
scored tablets for fine dosage Regular, scored, white 
adjustment, bottles of 50. tablets, bottles of 50. 


—A Wyeth normotropic 
drug for nearly every 
patient under stress 

t romazine Hydrochloride, 
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UNIVERSITY OF MICHIGAN 
MEDICAL SCHOOL 


Postgraduate Course in Clinical 
Neurology 

University Hospital, Ann Arbor 
Michigan 


May 7 and 8, 1958 


The course is designed to re-orient the 
practicing physician in regard to the nerv- 
ous system and the disease processes af- 
fecting it. The importance of the neuro- 
logic history and the procedure of the neu- 
rologic examination will be reviewed, with 
special emphasis on some of the newer 
diagnostic techniques. Some of the more 
frequently encountered nervous system dis- 
eases will be discussed individually. Diag- 
nostic procedures, differential diagnosis, 
and newer modes of therapeutic approach 
will be presented. The course will be aug- 
mented by clinical presentations, motion 
picture demonstrations, and a review of 
the essential laboratory procedures. 

Program and application form may be 
obtained from 

Joun M. M.D. 
Director 
Department of Postgraduate Medicine 
University Hospital 
Ann Arbor, Michigan 


Founded 1879 


RING SANATORIUM 


Eight miles from Boston 


For the study, care and treatment of emotional, mental, personality and 
habit disorders. 


On a foundation of dynamic psychotherapy all other recognized thera- 
pies are used as indicated. 


Cottage accommodations meet varied individual needs. Limited facili- 
ties for the continued care of progressive disorders requiring medical, 
psychiatric, or neurological supervision. 


Full resident and associate staff. | Courtesy privileges to qualified physicians. 


BENJAMIN Simon, M.D. CuHar.Les E. Wuirte, M.D. 
Director Assistant Director 
Arlington Heights, Massachusetts Telephone Mission 8-0081 


Fully accredited by the APA and the Joint Commission on Accreditation of Hospitals 
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the most advanced unidirectional current 
instrument for all established techniques 


REITER MODEL RC-47D 
GREATLY MINIMIZES CONFUSION 


The means to significantly minimize confusion is provided for in 
the versatile Model RC-47D. Patients are quiet and usually capable 
of returning to work following treatment. Fear of further treatment 
is greatly relieved in most patients. Efficiency of current increased. 
One knob control. Automatic safeguards assure an amazing reduc- 
tion of thrust and apnea. The patient is often breathing before the 
completion of the seizure. Extremely rugged, the RC-47D withstands 
very long periods of use all the while maintaining the accuracy 
vital to delicate work within the brain. Patients resistant to all 
other electroshock, insulin and lobotomy forms of therapy have 
been successfully treated by modalities contained in Model RC-47D. 


MODEL RC-47D PROVIDES FOR: 
e CONVULSIVE THERAPY—full range 
« NON-CONVULSIVE THERAPIES e ELECTRO-SLEEP THERAPY 
e FocAL TREATMENT—uwnilateral and bilateral 
e MoNo-PoLAR TREATMENT—2on-convulsive or convulsive 
e BARBITURATE COMA and other respiratory problems 


ONLY REITER, THE ORIGINAL UNIDIRECTIONAL CURRENT 
ELECTROSTIMULATORS, ARE AUTHENTICALLY BACKED 
BY EXTENSIVE CLINICAL EXPERIENCE WITH OVER 200 
REFERENCES IN LITERATURE AND TEXT -BOOKS. 


REUBEN REITER, Se.D. 
64 WEST 48th STREET, NEW YORK 36, N. Y. 
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This myelogram, made with the spot-film 
device, shows a herniated sixth cervical 
intervertebral disk. A concave filling de- 
fect of the Pantopaque column in the 
subarachnoid space is present, extending 
from the midportion of the body of the 
sixth cervical vertebra to the lower mar- 
gin of the seventh cervical vertebra on 


the left side. The sheath of the nerve 
root between the sixth and seventh cer- 
vical vertebrae is obliterated, and the 
root sheath between the seventh cervical 
and first thoracic vertebrae is deformed. 
The cervical spinal cord is displaced 
slightly toward the right. 


“PANTOPAQUE” is the registered trademark under which all leading 
x-ray dealers supply the compound ethyl iodophenylundecylate, which is 
synthesized by the Research Laboratories of Eastman Kodak Company 
and prepared as the myelographic contrast medium lodophenylate Injec- 
tion, U.S.P., by Lafayette Pharmacal Company. The trademark serves to 
indicate to the radiologist continuity of experience in the manufacture of 


this medium. 
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Clinical excerpts on the use 
— of meprobamate in chronic 


No. of a series ° 
1 psychiatric patients 
OUT-PATIENTS 

DIAGNOSIS PATIENTS IMPROVED Improvement noted in 
33 of 84 psychiatric 

disabled despite previous 

PERSONALITY DISORDER ll ll extensive therapy.” 
‘Miltown’ “greatly reduced 
intensity of treatment 

INVOLUTIONAL PSYCHOSIS 2 2 formerly required . ..” 
as one of the safest 
and best adjuncts 

TOTAL 34 33 to psychotherapy.* 


*nererence: McLaughlin, B. £.: Miltown in the treatment of chronically ill 
psychiatric out-patients. Pennsylvania MJ. 60:989, Aug. 1957. 


[ THE ORIGINAL MEPROBAMATE 
| DISCOVERED & INTRODUCED BY t) 
| NEW BRUNSWICK, NEW JERSEY | 


« alleviates anxiety in chronic psychiatric 

patients = facilitates psychotherapeutic 

rapport = improves disturbed ward be- 

havior = suitable for prolonged therapy 

= no liver or renal toxicity reported = free 
dion of autonomic effects. 


New Potentiated Pain Relief 


Phenacetin:..... 


| Caffeine 30mg. ( % grain} 


Demerol® u. 30mg. 4 grain} 


répeated in three or four hours os 


marked potentiation of analgesia 


mila sedetion 

antispasmodic action 
antipyretic action 

no constipetion 

no interference with micturition 


ASIATIC INFLUENZA — A.P.C. with Demerol is indicated 
for highly effective symptomatic treatment of the severe 
headache, muscle aches, sore throat, fever, intestinal cramps, 
malaise and coryza characteristic of this disease. 
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